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А FEW WORDS ABOUT THE BOOK 


To cater the needs of the students in a much better way, we decided 
to reorganise and recast the entire subject-matter of this volume in 
the light of the recent trends in the questions set for the examinations 
of the different Universities. Such an elaborate change demands much 
effort on our part and the time factor involved is of considerable 
magnitude. So, in order to meet the immediate demand, we have 
decided to reprint the present edition for the time being, after carefully 
correcting the errors and printing mistakes and leave the elaborate 
revision for the next edition. We do hope that the teachers and the 
students will bear with us the inconvinience caused for the present. 


Dated, Calcutta AUTHORS 
29th March, 1988. 


PREFACE TO THE FIRST EDITION 


This book covers the B.Sc. (pass) course syllabi of most of the 
Indian Universities. It particularly covers the entire syllabi of general 
and inorganic chemistry of all the Universities of Eastern India. In 
the recent years, the under-graduate inorganic chemistry syllabi of all 
the Indian Universities have undergone a radical change, and at present, 
there exists very little difference between the B.Sc. pass level and the 
corresponding honours course. · This has made the writing of a text 
book on general and inorganic chemistry for the B.Sc. pass course a 
challenging task which necessarily required a simple and very lucid 
exposition of the comparatively difficult and complicated topics of 
general chemistry and descriptive inorganic chemistry, so long reserved 
for the more meritorious and much more serious students taking up 
the honours course. 


(v) 


The book is divided into Part I and Part П. Part I begins with 
an “Introduction” which serves as a logical link between the Higher 
Secondary course and the new degree syllabi. The rest of the part I 
includes the important fundamental principles of general chemistry, 
spanning chapters I—VII. The discussions of these principles are 
illustrated with adequate diagrams and figures, and abound in relevant 
examples from inorganic chemistry along with numerical examples 
wherever essential. The remaining portion of part I deals with the 
chemistry of the periodic groups O, IA, IB, ITA, IIB and IIIA. The 


Appendix of this part deals with relevant numerical problems illustrating 
the fundamental principles. 


The part II of this book contains the descriptive inorganic chemistry 
of the elements of the rest of the periodic groups included in the syllabi, 
written on the basis of their electronic configuration, position in the 
periodic table and the influence of the physical factors like atomic 
and ionic radii, ionization potential and electron affinity, electronega- 
tivity, the nature of the bonding involved etc. A preliminary idea 
of the more important characteristics of the inorganic solids along 
with the basic principles of crystallography, is essential and useful 
and these are included in the Appendix of Part II which also includes 
a large number of model questions (both Objective and subjective) 
covering the subject-matter of the entire book. í 
We sincerely hope that this book will meet the requirements of 
the students and teachers, generated as a result of the introduction of 
the new syllabi. We had to write this book rather hurriedl 
result of which some minor errors and inadequacies might DA 5 n 
in and for which the responsibility is entirely SER 


ours. 
All criticisms and suggestions about th 


is book will b 
received and gratefully acknowledged, е thankfully 


Dated, Calcutta 
25th November, 1980. AUTHORS 
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CHAPTER XV 
ELEMENTS OF GROUP IVB 
The fourth group of the Periodic Table contains altogether nine 


elements, and as is usual in the previous groups, they are sub-divided 
into two sub-groups, viz. IV A and IV B. The sub-group A consists 


of the elements titanium, zirconium, hafnium с 

and thorium, which are transitional elements, | 

the element thorium being radioactive in addi- Si 
tion. The sub-group A, on the other hand, Jui 3 
comprises five elements, viz. carbon, silicon, Ti 
germanium, tin and lead, and this is the main | :Ge 
sub-group of Group IV. Of the five elements d | 
in this sub-group, germanium is less familiar | ED 
and is available only in small quantities in Hf | 
nature. Ме will, therefore, restrict our 1 Pb 


discussion in this chapter mainly in the 


EE - А Sub-group Sub-grou 
chemistries of carbon, silicon, tin and lead. A R B ар 


Although the elements іп each sub-group have certain simi- 
larities among themselves, those of the two sub-groups have 
barely any striking resemblance among them, except their principal 
valency of four units and the not-too-pronounced electropositive or 
electronegative character. In fact, the following contrasts among 
the members of the two sub-groups are quite apparent : (i) The 
valence-shell electronic configuration of the elements of sub-group A 
is (n—1)d?ns*, while that of the elements of sub-group В is ns"np*. 
This is responsible for the existence of the elements of the former 
sub-group in the oxidation states of +2, +3 and +4, while the 
elements of the latter sub-group exhibit mainly tetravalency and 
divalency. (ii) The metals of the sub-group A have very high 
melting points, while those of the sub-group B melt at comparatively 
much lower temperatures. (iii) The hydrides of the elements of the 
sub-group A are solid, while those of the elements of sub-group B 
are generally gaseous. (iv) The chlorides of the elements of the 
sub-group A are all solids (except TiCl,, which is a liquid), while 
the chlorides of the elements of the sub-group B are mostly liquids. 
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General Characteristics ofthe elements of Group IV В (Carbon, 
silicon, tin and lead). s 


All the four elements, viz. carbon, silicon, tin and lead are 
relatively familiar; silicon, among them, constitutes about 27:7% 
`of the earth's crust (as silica and mineral silicates), while tin and 
lead are less abundant than many of the so-called rare-elements. 
In nature, carbon is found in more compounds than all the other 
elements combined, especially in large quantities in the plant and 
animal kingdoms. 


Some important physical properties of these elements are givem 
in the table below : 


TABLE 15:1 
—————— ee M QÓ— GÀ __ 
Property Carbon Silicon Tin Lead 
Atomic number ` OF 14 50 82 
Atomic weight 12.01 28.06 11.87 207.2 
Electronic configuration 25%2р? Ы 2 ; 
of outermost shell 4 Зар SPP БЕ 
Density (20°С), g/c.c. 3.52 (Diamond) | 2.35 (amorpl 
2:25 (Graphite) | 2:5 Cms) | 73 | 1136 
Atomic volume (c.c.) 3'4 (Diamond) | 11:4 (cryst.) 16:3 18:2 
Covalent radius (A) 0:77 rir T41 1:44: 
Melting point (°C) 3500 1420 231:8 327:3 
Boiling point (°C) (4200) 2600 2260 1620 
Ionisation potential (ev) 11:264 8:149 7:32 7415 
Electronegativity 25 1:8 1:8 1:8 
f sublimation d ca. 170 у 
Heat о keals/em. 85 78 47:5 


All the elements of this family (carbon family, 
show some amphoteric character which is in accorda 
position between the electropositive elements of Gr 
TII in the left and the electronegative elements of G 
towards the right. Nevertheless, the trends in cha 
metallic to metallic behaviours of the elements 
of their atomic weights are very pronounced, Car 


as it is called) 
nee with their 
oups Т, II and 
roups V to VII 
nges from non- 
with the increase 
bon and silicon, 
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being the members of the two short periods of the Periodic Table, 
are the typical elements of this group. Carbon is definitely а non- 
metal; silicon is usually considered as a non-metal, although it 
possesses some metallic properties ; but, tin and lead are true metals. 
These trends are, of course, associated with the reduced effective 
nuclear charges and increased sizes of the atoms. 

The very small atomic volume and the considerably high electro- 
negativity of carbon are responsible for certain uniqueness of this 
element. No other element forms so numerous compounds as 
carbon and,. in fact, organic chemistry is actually the chemistry of 
carbon compounds. 

Catenation or self-linkage : Atoms of carbon can combine with 
one another to form long chains or rings, the bond between two 
adjacent carbon atoms may be single, double or triple (for the 
description and significance of carbon-carbon double and triple 
bonds, see Volume I, pp. 158). It can also bind itself with other 
elements like hydrogen, nitrogen, sulphur, halogens etc. Silicon 
shares such properties to a smaller extent, but no other element 
possesses such characteristics. 

The melting and boiling points of the members of this family of 
elements decrease with the increase in atomic weights and the 
density increases with increasing atomic weights. 

Valency and oxidation state: All the four elements exhibit 
tetravalency ; tin and lead (as also carbon in carbon monoxide) 
show valency of two units also. The ionisation potentials of these 
elements are very high and, as such, the existence of simple tetraposi- 
tive ions (М+*) is unlikely. The electronegativity values are also 
low (and they do not decrease in a completely regular way); 
the tetranegative ions (M‘-), therefore, do not exist normally, 
although carbon forms C,?- ions in salt-like carbides like Сас,. 
The elements all show a covalency of 4, which necessitates promo- 
tion of electrons from the ground state to an exited state, and 
sp? hybridisation of the orbitals results in a tetrahedral structure 
(see volume I, chapter III, pp 155-56). 

These valency characteristics of the elements are in accordance 
with the electronic structure of their atoms, which consists of 
4 electrons in the outermost (valence) shell with a stable core of 2, 
3 or 18 electrons. These four electrons comprise two pairs in s- and 
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р- orbitals of the nth shell. Either one or both of these pairs of 
electrons may be utilised for bonding. In case only one pairis 
effective, the other pair remains as the inert pair, and divalency of the 
element results. It is the two ns electrons that form the inert pair. 
The effect of the inert pair of electrons is most pronounced in 
the element with the highest atomic weight, i.e. lead. Thus, there 
is a decrease in stability of +4 oxidation state and an increase in 
the stability of +2 oxidation state as the atomic number increases 
Ge. on descending the group). The lower valencies are more ionic 
because the radius of M+? ig greater than М?“ (cf. Fajans’ rules, viz. 
the smaller the ion and greater the positive c 
the tendency to covalency). Thus, Sn*? is ionic (but strongly 
reducing) and Sn** is covalent ; Pb?? is ionic, stable and more 
common than Pb*! which is strongly oxidising. 

Allotropy : АП the elements of this 
exhibit allotropy. Carbon exists in cr 
and amorphous (charcoals, 


harge on it, the greater 


sub-group (except lead) 
ystalline (diamond and graphite) 
lampblack) allotropic modifications ; 
silicon exists in crystalline and amorphous forms, but they are not 
true allotropes, as amorphous silicon is also composed of minute 
octahedral crystals like the crystalline variety. Tin occurs in three 
allotropic modifications, yjz, grey tin (diamond-type crystals), white 
tin (tetragonal crystals) and brittle tin (rhombic crystals) ; lead does 


hitic carbon and crystalline silicon are 
good conductors of electricity and show metallic lustre. 


Metallic and non-metallic character : 
atomic weight, the electrical properties of 
change. Thus, carbon is electronegative, 
most weakly electronegative elements, but tin 
positive. This is evidenced by the heats of fo 
and chlorides, which increase from carbon 
result of the development of electropositive с 
ing atomic weights, there is a decrease in the 
oxides and basic character of hydrides of 
carbon to lead. In this respect, the B-sub 
differs from the B-sub-groups of the earlier 
electropositive character decreases with increas 

Hydrides: In considering the tetravalent 
elements, we would find that С, Si and Sn fo 


With the increase of 
the elements gradually 
Silicon is one of the 
and lead are electro- 
rmation of the oxides 
towards silicon. Asa 
haracter with increas- 
acidic character of the 
Similar formulae from 
"Broup of Group IV 
groups, in which the 
ing atomic weights, 

compounds of these 
rm gaseous covalent 
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hydrides (XH), carbon and silicon forming other hydrides as well. 
Formation of PbH, is uncertain. Hydrides of carbon are very stable, 
but the silicon hydrides are unstable (unlike hydrides of carbon, 
they are decomposed by alkali solutions). Tin only forms SnH,, 
which is very unstable and decomposes even at room temperature, 
Thus, the stability of these hydrides decreases with the increase in 
atomic weights of the elements. 

Halides : All the four elements form tetrachlorides (ХСІ,) which 
are highly volatile covalent compounds (non-ionisable). With the 
exception of CCl,, these tetrahalides are hydrolytically decomposed 
by water. [The hydrolytic stability of ССІ, is explained on the basis 
of the covalency maxima of 4 for carbon atom, as a result of which it 
cannot accommodate more than 8 electrons. So, the C-atom in CCl, 
cannot further accomodate an electron-pair from the oxygen atom 
of a water molecule, and asa result, no hydrolytic decomposition 
takes place.] In addition to the above chlorides, carbon and silicon 
from chloroforms of the formula XHCl;, but tin and lead do not 
form such compounds. 

Oxides: All these elements from oxides of the formula XO,. 
Carbon dioxide is gaseous and acidic, forming a solution of the weak 
acid, H,CO,, in water. 510, is a crystalline solid and is also weakly 
acidic. It forms polymeric giant molecules in which each silicon 
atom is bonded by single bonds to four different oxygen atoms. 
SnO, and PbO, are stable solids, very weakly acidic, but possessing 
feeble basic properties as well. 

Among the bivalent compounds of these elements, those of tin 
and lead are most stable. Carbon and silicon form monoxides 
which are sufficiently different from those of the other elements of 
this sub-group. Carbon monoxide is a reducing and combustible gas 
and is neutral in character. It is insoluble and unreactive with 
water, but is conyerted to formate on heating with alkalis. It forms 
addition-compounds with halogens and sulphur and gives rise to 
metal carbonyls and their derivatives on reacting with certain metals 
and their compounds. Silicon monoxide is a black, glossy, friable 
resinous substance, as hard as silicon itself. On being heated, it 
decomposes into silicon and silica. It forms no salt with acids, but 
is soluble in HF. The oxides SnO and PbO are distinctly basic 
solids, but they also show amphoteric properties. Thus, they 
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dissolve in acids to form salts, and also in alkalis to form stannites 
and plumbites : Sn0+2NaOH=Na,Sn0,+4H,0 ; PbO--2NaOH— 
Na,PbO,.-H,O. The hydrated stannates and plumbates of alkali 
metals, such as K3$n0;; 3H,O and K;PbO,, 3H,O are isomorphous. 
Bivalent tin compounds are strong reducing agents and easily 
change into the tetravalent compounds, but bivalent lead 
Compounds are more stable than the tetravalent compunds of the 
metal. The halogen compounds of bivalent tin and lead, such as 
SnCl, and PbCl, are ionisable Salts. Stannous salts are readily 


hydrolysed in aqueous solution, but the plumbous salts of strong 
acids are not at all hydrolysed by water. : 


Carbon is an essential constituent of Organic compounds. The 
other elements of this family also take part in the formation of 
organo-inorganic compounds such as Pb(C;H;),, (CH3), SiCl, etc. 


Similarities between boron and silicon : 


allotropy. Their crystalline and amorphous 
varieties are known, 


(iii) Тһе oxides of both the ele, 


ments are acidic, 
water, and react with bases to form 


ments are known, and there exist 


much similarities among the hydrides such as В.Н, Si,H, $ BHi, Si, Hio etc. 


(v) The halides of boron and silicon are Pounds and have 
similar properties. Thus, both boron fluori ilicon fluoride (SiF,) are 
colourless gases which are easily hydrolyse, 4BF,--2H,0—HBO, + 
3HBF, ; 35184--3Н:0 = Н:510, 2H,Sip,. 

(vi) Both boron and silicon are capable of formin 
chain formation either between their atoms (as in boranes 
the mediation of -oxygen atoms (as in their oxides and 
es Both boron ws silicon form cationic 

I, p. 305) 
"i d FEEN differences between boron and silicon are their valencies (which 
is 3 for boron and 4 for silicon) m the reaction with nitrogen at high temperatures, 
when boron forms a nitride but silicon does not Teact,] 


d by water: 


g larger molecules by 
and silanes) or through 
polymeric borates and 


complexes such as acetylacetonates. 


ELEMENTS OF GROUP IV B 9 
"Comparison among boron, carbon and silicon. 


The three elements, boron, carbon and silicon, show very close 
resemblance in many of their important characteristics. All the 
three elements are typically non-metals and exhibit allotropy, 
«existing in both crystalline and amorphous forms. The crystalline 
allotropes have metallic lustre and some of them conduct electricity, 
but the amorphous varieties are bad conductors of heat and 
electricity. 


The three elements are stable solids with low atomic volumes and 
-densities and very. high melting points. They are generally less 
reactive and do not react with water and dilute acids. [Carbon and 
silicon, however, decompose steam at high temperatures : C+-H,O= 
-CO4-H,; Si+2H,O=Si0O,+2H,.] Conc. HNO, or conc. H,SO, 
oxidises boron and carbon. But, silicon is not attacked by these 
acids. A mixture of any one of these acids and hydrofluoric acid, 

. however, attacks silicon to form hydrofluosilicic .acid, H»SiF,. 
When fused with alkalis, boron and silicon form borates and silicates 
respectively, but carbon is not affected by fused alkalis: 28+ 
2KOH+2H,0 = 2KBO,4-3H; ; Si--2NaOH 4-H;O = Na,SiO;+2Hg. 
All the three elements burn and are oxidised when heated with 
-oxygen. The resultant B,O, and SiO, are solids, insoluble in water, 
while CO, is a gas, which is somewhat soluble in water, giving 
unstable НСО, in solution. All these oxides are acidic. The 
-solutions of alkali metal borates, carbonates and silicates are largely 
hydrolysed in aqueous solution, so that these solutions react 
:alkaline, Boron and silicon react with halogens at elevated 
temperatures, forming the corresponding halides. But, the halides 
of carbon cannot be prepared by the direct union of the two 
elements ; they are generally prepared by indirect methods. The 
halides of carbon are not generally hydrolysed, while those of boron 
and silicon readily hydrolyse to give the corresponding acids: 
BCl,-+3H,O=H,;BO,+3HCI; SiCl,+-2H,O=SiO,+4HCl. [ВС is 
an electron-deficient compound and in it, the covalency maxima of 
boron atom is not attained. Hence, it can accomodate electrons 
.donated by the oxygen atom of H,O molecule, and undergo 
hydrolysis. The covalency maxima of silicon is 6 and as such it can 
_attain 12-electron sheath in the outermost shell. SiCl, is, therefore, 
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hydrolysed by water by accomodating electrons donated by the H,O 
molecules.] 


n 


2 


| ae >Si05+4HCL 
m TN а Ce mec 


Hydrolysis of SiCl, 


Cl Cl 


Many covalent hydrides of these three elements are known. 
Boron and silicon form only saturated compounds with hydrogen, 
but the hydrocarbons may be saturated or unsaturated. The capacity 
of forming chains through bonding of two adjacent atoms of the 
same element is well-illustrated in these compounds. But, such a 
capacity is maximum in the case of the carbon atom, and the other 
two elements (B and Si ) exhibit this capacity to a limited extent. 
Compounds in which one or more hydrogen atoms of these hydrides. 
are replaced by other groups or atoms are also known, e.g. CHCl, 
SiHCl,, (C;H;)B;H;, R,Si(OH) etc. 
three elements are also known, 
silicates. 


Cyclic compounds of these 
€.g. borazole, benzene, certain 
Boron and carbon react with nitrogen at high temperatures. 
to form boron nitride and cyanogen respectively ; but silicon does. 
not form a nitride. 


: All the three elements combine with certain 
metals to form borides, carbides and Silicides, 


such as Mg,B;, MgC 
Al,Cs, CaC;, Mg,Si etc. pe Poil 
NFEUERSOERSIOUT eae WP MR 
CARBON 
Symbol: C; Atomic No.—6 ; 


Atomic wt.—12:00. 
Electronic configuration : 152251251, 


Occurrence: Naturally occurin 
12C (98:89%) and "C (1:11%). Another isotopic modification, C, 
occurs only in traces, and it is formed in the upper atmosphere by 
the slow-neutron capture by nitrogen atoms. This variety of 
carbon is radioactive (6-emitter ; T$—5570 years) and it forms the 
basik of radio-carbon dating (see volume I, p. 216). 


g carbon has two isotopes, viz. 
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Carbon is the main constituent of all living organisms—both. 
plants and animals. Carbon compounds play a vital role in all 
living processes. Carbon dioxide (CO,) occurs only in small. 
concentrations (about 0:3 volume percent) in the atmosphere, but 
its amount from this source far exceeds that available in the- 
vegetable and animal kingdom. Green plants absorb CO, from air, 
and with the help ofthe green pigment chlorophyll, sunlight and. 
water, synthesise carbohydrates, with the elimination of oxygen— 
a process commonly known as photosynthesis. Animals obtain 
carbohydrates from the plant kingdom. The carbohydrates are- 
degraded to СО; through the process of respiration of living bodies 
or by their decay, and the gaseous compound escapes into the 
atmosphere. The CO, thus enters into a continuous cycle between: 
the organic world and the atmosphere. 

Metallic carbonates occur in nature as minerals and ores like: 
calcite or limestone (СаСОз), magnesite (MgCOs), dolomite (CaCO;. 
MgCO,), siderite or spathic iron ore (FeCOs), smithsonite (ZnCOs), 
rhodo-chrosite (MnCOs) etc. Petroleum isa mixture of carbon. 
compounds (mainly hydrocarbons). Coal is mostly carbon, admixed. 
with some carbon-compounds. In the elemental state, carbon: 
occurs in nature as diamond and graphite. : 


Allotropic modifications of Carbon. 


Carbon occurs in various allotropic modifications, which can be- 
divided into two categories, viz. () the crystalline varieties and 
(ii) the amorphous varieties. The crystalline allotropes of carbon 
include diamond and graphite, while the amorphous allotropes are 
charcoal (wood charcoal, bone charcoal, blood charcoal), coke, gas-- 
carbon and lampblack. All these materials are nothing but the 
allotropes of one and the same element, j.e. carbon, and this is- 
substantiated by the fact that all of them produce nothing but CO, 
when completely burnt in air or oxygen and, if the same weight 
of any of the pure allotrope is burnt, the amount of CO, formed is- 
the same. 

Tt may be mentioned here that, modern investigations, mainly by X-ray analysis,- 
have pointed out that the fine structure of many forms of amorphous carbon is- 
essentially the same as that of some crystalline varieties (such as graphite) and (ће 
amorphous nature results only as a consequence of haphazard orientation of the- 


micro-crystalline particles in the mass of the material. 
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“CRYSTALLINE ALLOTROPES OF CARBON. 


(i) Diamond: Diamond occurs in nature along with 
fragmented rocks or pebbles at many places in South Africa, Brazil, 
Mexico, New South Wales, California, Ural mountains, Congo and 
India (Golconda). Colourless or slightly coloured and transparent 
diamonds are used as gem-stones, but the dark-coloured or black 


diamonds (boarts) are generally employed in drilling or grinding and 
-cutting work. 


Diamond is transparent and lustrous. 


known (the index being 10in the Moh’s scale of hardness ; it is 
:about 150 times harder than corundum), but is brittle. Its density 
| :(3:52) is highest of all the allotropic modifications of сагі 


bon and it 
has a’ refractive index of 2:42, Its heat of combustion is 7:873 


Keals/gm. Diamond does not conduct heat or electricity. It is 
transparent to X-rays. 
Diamond is chemically very inert. Itis unaffected by acids and 
alkalis under ordinary conditions. But, when fused with sodium 
carbonate, diamond produces sodium oxide and carbon monoxide : 
'Na,CO;-- C-Na,0---2CO. At about 700° – 800°C, diamond burns 
in oxygen and fluorine to form CO, and CF, 
X-ray difraction studies have shown 
crystals. In the diamond crystal 


It is the hardest substance 


» each carbon atom i 


Fig. 15-1.—Structure of diamond : ( 


a) Schematic, (b) actual. 
crystal is, in fact, a giant molecule by itself, p 


$ Xtreme hardness and high melting 
point of diamond is the direct result of suç 


ha Structure, since rupture of the 
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structure would require the breaking of many covalent bonds. The lack of electricaF 
conductivity of diamond is the obvious consequence of the complete pairing of all 
the available electrons so that they are firmly held in the C—C bonds. ` 

Artificial or synthetic Diamond —Despite many attempts, preparation оѓ 
artificial diamond on a commercial scale met with little success. Moissan described 
(1893) his preparation of small pieces of diamond as follows : a mixture of sugar” 
charcoal and iron powder was heated in an electric furnance at 3000°C and the melt 
was suddenly chilled. Molten iron dissolved carbon, which separated as small 
black ог: colourless crystals of diamond оп such cooling. Iron was dissolved out 
from the solidified melt by HCI to get the crystals of diamond. 

Weight of Diamond : The weight of diamonds is expressed in carats (1 carat = 
0:20gm.) The largest diamond which has yet been found is the Cullinan diamond 
(3024 carats) ; other well-known diamonds are the Regent (193 carats), the Orloff 
(193 carats), the Great Mogul (186 carats), the Kohinoor (106 carats), the Pirr 
(136 carats) and the Hope (44:5 carats). 

(ii) Graphite : Graphite (plumbago or black lead) occurs native 
in considerable quantities in Sri Lanka (Ceylon), Madagascar, the 
United States (California), Siberia, New Zealand, Korea, Spain and 
in the Bohemian mountains. It is a dark grey (almost black) and 
opaque substance with a density of 2'25. Tt is soft, greasy to touch 
and it marks paper. Graphite resembles metals in lustre and in 


excellent electric and thermal conductivity. 
Graphite forms a two-dimensional sheet-like polymeric structure, in which the’ 
carbon atoms are arranged in regular hexagons, the C-C bond distance being: 


Fig. 15-2.—Structure of graphite 
ced in layers, one above the other, at a distance of about 
d this preculdes the formation of covalent bonds between carbon atoms of 


14154. The sheets are pla 
3:35À, an 
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‘two adjacent layers. 


The layers are held together by comparatively weak Van der 
“Waals force. 


The overall structure is, therefore, that of a giant molecule. The wide 
‘separation of the layers accounts for the lower density of graphite in comparison to 
‘diamond, Graphite is quite soft and cleaves easily between the layers which may 
also slide easily over each other ; hence, it has lubricating properties and greasy feel. 
Ina sense, each layer ina graphite crystal may be regarded as a combination of 
‘benzene rings (although it is more quinone-like than aromatic). 


Only three of the 
valency electrons of each carbon atom in the graphite crystal are in 


volved in forming 
sp*-hybrid bonds, the fourth electron forming a z-bond. Ast 


he z-electrons аге 

mobile, graphite can conduct electricity. 
Graphite is more easily attacked chemically than is diamond. 
Its heat of combustion is 7856 cal./gm. It reacts with many atoms, 
molecules and ions which actually go in between the layers and thus 
increase the distance between the layers greatly. Thus, graphite 
forms bronze-coloured compounds with metallic potassium, 
rubidium or cesium. Cle, Bry, FeCl;, MoO,, FeS; and NH, may also 


penetrate into the graphite structure in this way. When heated at 
about 700°C and 420°C in an atmosphere 


graphite forms CO, or CF, 


- On heating 
a black product of 
ulphate, is formed. 

id, «a derivative of 
benzene. 


Graphite is used in the preparation of electrodes, crucibles, lead 


pencils, carbon-are cores etc. 
It also finds application as a 
Coating for casts in electroty- 
Ping, as lubricants in heated 
machine-parts and as mode- 
Tator in nuclear reactors. 


i 


i 


i 


Artificial graphite: Graphite is 
manufactured artificially from amor- 
Phous carbon by the Acheson process. 
A mixture of powdered coke, sand 
and pitch is taken in an electric 


—Manufacture of graphite ; 
Acheson process. 


Fig. 14-3. 


ELEMENTS OF GROUP IV B | 15 


furnace (fig.15-3), in which the current is led by two stout carbon electrodes embed- 
ded in the mixture. A temperature of about 3000°C is raised, when graphite is 
formed. It seems probable that, during the heating operation, silicon carbide (SiC) 
is initially formed and this decomposes at the high temperature into graphite and 
elemental silicon which vaporises out: SiOs+2C=SiC+2CO ; siC=Si+C 
(graphitic variety). 

AMORPHOUS VARIETIES OF CARBON. 

Various forms of carbon, other than diamond and graphite, are 
included in amorphous carbon. These are mainly impure carbon 
(except sugar charcoal, which is more or less pure carbon). 
Technically, the most important amorphous carbon are wood 
charcoal, sugar charcoal, animal charcoal (including bone charcoal 
and blood charcoal), lamp black (or soot), coke and gas-carbon. 

Wood charcoal: Wood charcoal is obtained by heating dried 
wood in absence of air (destructive distillation of wood). It was 
earlier carried out in charcoal burners’ mounds ; but, at present, 
carbonisation of wood is performed in large iron retorts for the 
recovery of valuable distillates which contain methyl alcohol, acetic 
acid, wood tar etc. 

Sugar charcoal: This is obtained by distilling sugar in absence 
of air, or by charring sugar by the action of conc. HSO, The 
black product obtained is washed with water and then heated with 
chlorine to remove any residual combined hydrogen. The excess of 
chlorine is finally removed by heating in hydrogen. 

Animal charcoal: Bone charcoal—Destructive distillation of 
animal bones produce bone charcoal. Pieces of bones are at first 
treated with super-heated steam to remove fat and marrow. The 
dried bones are then distilled from retorts in absence of air. The 
liquid distillate, obtained therefrom, contains aqueous ammoniacal 
liquid and an oil, called Dippel’s bone oil, whic hcontains valuable 
organic bases like pyridine. The residue in the retort contains bone 
charcoal as a black material. Bone charcoal contains about 90% 
incombustible materials like calcium phosphate and calcium 
carbonate which is the main constituent of animal bones. These 
are dissolved out by treating bone charcoal with HCl. The insoluble 
residue forms deep'black powder, known as ivory black. 

Blood charcoal is obtained by heating dried blood with potash, 
and leaching the product of calcination. 
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Properties of Charcoal: A black, porous material, charcoal has uM 4 
1'410 1:9, depending upon the source and mode of its production. Due P A en 
Of large amount of air in its pores, the apparent density of а is v E 
about 0:2, and as such, charcoal floats on water. It is not а goo coni ut ог o 
heat and electricity. Chemically, charcoal is much more reactive ae 
and graphite. It burns in air (or oxygen) and fluorine at about 400°C to form e a 
and CF, respectively. With insufficient amount of air or oxygen, carbon monoxide 
isformed. Powdered charcoal reacts with sulphur vapour at elevated temperatures 
to form carbon disulphide: С+25=С5,. It is a good reducing agent, and reduces 
many metallic oxides (e.g. Ғе,О,, PbO, CuO, ZnO, SnO; etc, 
metals at high temperatures, It also reduces steam and CO, at red-heat to hydrogen 
and carbon monoxide respectively : Fe,0,4-3C—2Fe4-3CO ; ZnO--C—Zn4-CO ; 
H,0+C=H:+CO ; CO;+C=2CO. Charcoal is not affected by alkalis, halogens 
and HCl. But, conc, HNO, and HSO, separately oxidise it to carbon dioxide : 
C+2H,SO.=CO,+3S0,+2H,0; C+-4HNO;=CO,+4NO,+2H.0, Due to its 
high porosity, charcoal absorbs many gases and decolorises many coloured solutions. 

Uses of Charcoal: Wood charcoal is used as a 
and as a decolorizing and clearifyin, 
еіс. Asa gas-absorbing agent. 
dried cocoanut-shell possesses 
preparing filter-beds, Charcoal 


) to the Corresponding. 


It is often 
Bone charcoal is 
solutions, and especially for the purificati 
black pigment (bone-black) for shoe-polishes, stencil colours 
used in artists’ colours. Blood charcoal or sugar- 
the elimination of certain poisons or of excessive acc 


Activated charcoal: Charcoal possessi 
for gases and high decolorising power for dissolved Substances is 
known as activated (or active) charcoal. Such activity of the char- 
coal depends to a considerable extent, not only on the Starting 
material, but on the way in which it is prepared. Even after the 
preparation, the activity of a sample of active charcoal may often 
be increased by subsequent special treatment, such as by heating it 
with certain inorganic salts. Cocoanut-shell, on cerbonisation, 
directly produces active charcoal with excellent absorptive power. 
From ordinary charcoal, the active variety is generally prepared by 
briquetting powdered charcoal with Wood-tar and a little NaOH and 

heating the briquettes gradually to 500— 600°C and ultimately com- 
pleting the operation. by heating in a current of super-heated steam 

bout $00— 1000'C. The lost activity of an active charcoal may 
: de overed by boiling With NaOH solution, filtering and washing 


on of sugar Syrups. It is also used as a 


ete. Ivory black is 
charcoal is used in medicine for 
umulation of gas in the bowel, 


ng high absorptive powder 
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the residue with water and drying. Activated charcoal acts as a 
catalyst in many chemical preparations. 


Lampblack ог Soot: This form of amorphous carbon is formed 
by the thermal decomposition of many gaseous or vaporised hydro- 
carbons. It is manufactured by burning tar, tar oil, napthalene, 
paraffin oil or natural gases in an insufficient supply of air and 
chilling the flame on the surface of a water-cooled revolving drum 
or metal plate. Lampblack has a density of 1-7-1-8 and it does 
not conduct heat or electricity. It is largely used under-the name 
carbon black as a pigment, for the manufacture of printer’s ink, 
drawing inks, artists’ colours, for colouring patent leather and 
rubber-products and also in the vulcanization of rubber. 

Gas-carbon: This variety of carbon (also known as retort 
carbon) is obtained as a by-product during high-temperature carboni- 
sation of coal. The gaseous products expelled during carbonisa- 
tion decompose to certain extent as they sweep over the very hot 
walls of the retorts and deposit carbon there in the form of a very 
hard and dense mass. ‘ 

Gas-carbon is almost pure carbon. It possesses good ,elec- 
trical conductivity and chemical inertness of graphite, but is less 
dense (density is about 2) than graphite. X-ray analysis shows that 
gas-carbon has exactly the same crystal structure as true graphite, 
but the crystallites are of very much smaller size. The hardness of 
gas-carbon is due to the random arrangement of its crystallites 
throughout its mass. It is largely used as rods for arc lamps, and as 
electrodes in galvanic cells. 


Coke: This variety of amorphous carbon is impure carbon, 
and is obtained by strongly heating (coking or carbonizing) coal 
in absence of air. The impurities in coke are mainly some mineral 
matters and substances containing nitrogen and sulphur. Cokeis a 
porous substance and a bad conductor of heat and electricity. 

Two types of cokes, viz. gas coke and coke-oven coke are available. Gas'coke 
is obtained by destructive distillation of bituminous coal which are suitable for the 
manufacture of coal-gas. Itis porous and has high ash-content, and is generally 
used as fuel. Coke-oven coke is obtained in a similar process from coking coals 
which evolve less gas and sinter strongly to form relatively dense and strong coke 
during distillation. Such coke is used in metallurgical processes. 


Coke is widely used as a fuel and a’ reducing agent in metallurgy. 
2 
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Coal: A black, carbonaceous mineral, coal is of vegetable origin 
and is the ultimate product of slow decomposition of the vast 
primaeval forests submerged under earth in the remote past. Coal 
Was one time regarded as an allotropic modification of car 
But, the results of the destructive distillation of coal have since 
Proved that it isa complex combination of various substanc 
Which carbon is associated with other ele 


bon. 


es, in 
ments like hydrogen, 
Iphur, together with 
on-metals. The slow 


f high temperature and pressure, is 
oal. In the course of decomposi- 


hydrogen and oxygen is converted 
into and eliminated as CO;, H,O and СН,. 


is : 
Anthracite-949/), 


tbon. 


Colour and Hardness Electri 
Allotropes appearance and density conductivity Effect of Heat 
lies eT | зена | 
iamond | Colourless* and Extremely Bad. 
me aparent! Ен 5 hard. a Ganges Ro 
refractive index D. Br. e 3:5 Я 
and lustrous, “trong heating 
(Crystalline) 
hite | Grey (black) and Very soft. Good. Stable. 
Grap opaque with metal- Sp. gr.—2:5 Е 
lic lustre. 
(Crystalline) 
oal | Blackandopaque | Soft and porous. Bad. Changes to 
Charc (Amorphous) Sp. gr. 1'4–1:9 graphite, 
lack | Black and opaque Soft powder. Bad. 5 
Lamp b (Amorphous) Sp. gr.-1:8 
* Black and opaque Very hard, Bad. 4 
Gas-carbon (Amorphous) Sp. gr.—2:0 


* Dark coloured or black varieties (boarts) are also found, 
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Coal is industrially a very important material. Apart from its 
use as a fuel, it is, the source for the manufacture of coal-gas 
and coal-tar. Coal-tar is, in turn, the source of a host of impor- 
tant aromatio substances. Coal is also used for the manufacture of 
synthetic petrol. 

Coal is largely available in U.S.A., Great Britain, U.S.S.R., 
Germany and India. 


COMPOUNDS OF CARBON 

Although carbon mainly forms compounds in only one valence 
state, viz. quadrivalent state, the multiplicity of its compounds 
is enormous. Compounds of trivalent carbon are rare and of 
complex nature, found only in the domain of organic chemistry. 
Similar is the situation with compounds of bivalent carbon, which 
are highly unstable except carbon monoxide. But, in this compound, 
carbon in only formally bivalent. Hydrides of carbon or hydrocarbons 
are of different types and compositions. But, as they are generally 
dealt with фу. Organic Chemistry, we shall not discuss them here. 

Oxides of Carbon: The three important oxides of carbon are 
carbon monoxide (CO), carbon dioxide (CO;) and carbon suboxide 
(C,O0,). They are all gaseous at ordinary temperatures. 

Carbon monoxide (CO) : This oxide is formed when carbon is 
burned with a deficiency of air or oxygen : 22+0,=2С0. Carbon 
monoxide is generally prepared in the labortory by adding formic 
acid dropwise to conc. H,SO, heated to about 100°C : HCOOH= 
CO}-+H,O. The evolved CO may be passed through a solution 
of NaOH to remove any CO, or SO, formed, and the pure gas is 
collected over water (or mercury). Glacial phosphoric acid may 
be substituted for conc. H;SO, in the preparation. 

The gas may also be pepared by heating oxalic acid with conc. 
H,SO, when CO, CO, and НО are formed. Carbon dioxide, 
formed in the preparation, may be removed by passing the gas- 
mixture through KOH solution : (COOH),—CO, f --CO T +H,0. 

Alternatively, conc. H,SO, may be allowed to react with pota- 
ssium cyanide or powdered potassium ferrocyanide to prepare carbon 
monoxide : 

IKCN+2H,SO,+2H,O =K,SO;+ (NH,)2S0,+2C0 1 ; 
K,[Fe(CN)s]-+6H,SO0,+ 6H:0 
=2K,SO,+ Ее50,--3(№Н,),50,+6С0 4 . 
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Carbon monoxide is obtained as а by-product in the industrial preparation of 
hydrogen by the partial oxidation of methane [CH:+H,O (vapour)=CO+3H:}, 
and in the manufacture of calcium carbide (Ca0+3C=CaC,+CO). It is prepared 
оп a large scale by passing CO, gas over red-hot carbon and passing the resultant 
gases through strong KOH solution to remove any CO, present : CO,4-C=2CO. 

Very pure carbon monoxide may be prepared by the thermal decomposition of 
nickel carbonyl : Ni(CO),=Ni+4CO ^- 

Properties : Carbon monoxide isa colourless, odourless and 
poisonous gas. Itis combustible, but a non-supporter of combus- 
tion. It burns in air with a blue flame, producing carbon dioxide. 
It is slightly soluble in water, but is more soluble in alcohol. The 
gas is absorbed by acidified (НСІ) ог ammoniacal cuprous chloride 
to form white, crystalline addition-compound, CuCl.CO.2H,O. The 
toxicity of carbon monoxide is the outcome of its combination 

with hemoglobin of the blood to form carboxy: 
result of which blood loses its ability to combi 
normal oxygen-exchange process) and thus causes 
Although carbon monoxide is 
of formic acid, it is practically a 


-hemoglobin, as a 
ne with oxygen (in 
death, 


30Na+CO=CH,.COONa. 
Steam is passed Over calcium 
€ and hydrogen are formed : 


When a mixture of CO and 
oxide at 400°C, calcium carbonat 
CO--H;,0--CaO = CaCO;4-H, р. Strongly heated calcium. carbide 
also absorbs CO to form CaCO, and carbon : CaC2+3CO=Caco, 
+C. It combines directly with chlorine in presence of sunlight or a 
catalyst (spongy Pt or animal charcoal) to form carbonyl chloride or 
, phosgene : CO-FCI,—COCl,. It also unites with sulphur on heating 
to form carbonyl sulphide or carbon oxysulphide : CO--S— COS, 
A mixture of CO and Н, when passed over finely divided nickel at 
about 250°C, forms methane : CO+3H,=CH,+-H,O. When zinc 
oxide and finely divided copper are used as catalyst, methyl alcohol 
is formed : CO+2H,0=CHO,H. (This reaction is often used for the 
synthesis of methyl alcohol.) Carbon monoxide is а good reducing 
agent. It reduces many metallic oxides to the corresponding metals 
at elevated temperatures: Zn0+CO=Zn+CO,; PbO+CO= 
Pb-+CO, ; FexO;+3CO=2Fe+3CO,, Iodine pentoxide is quantita- 
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tively reduced by CO at 90°C to elemental iodine: 50,-5С0= 
Y,+5CO,. Carbon monoxide unites with many metals, and especially 
with Fe, Co and Ni, when heated with them under pressure, to form · 
metal carbonyls: Ni-+-4CO=Ni(CO),; 2Co+8CO=Co,(CO)s ; 
Fe+5CO=Fe(CO),. é 


Uses: Carbon monoxide is used as a constituent of water gas and producer gas 
which are industrial fuels. It is also used for the synthesis of methanol and metal 
carbonyls and in the extraction of nickel in the Mond’s process. 

Tests: Carbon monoxide is generally detected and estimated by absorbing in 
ammoniacal cuprous chloride soln. Small amounts of the gas is detected by shaking 
it with diluted blood and then treating with tannin soln., when a red ppt. is 
formed. Even traces ofcarbon monoxide can be estimated by reacting with КО; 
and titrating the liberated iodine with a standard sodium thiosulphate solution, using 
starch indicator. у 

Composition and structure of carbon monexide: The composition and 
formula of carbon monoxide is ascertained by taking a known volume of the gas 
with excess of oxygen in an eudiometer tube over mercury. On sparking, carbon 
monoxide is converted into carbon dioxide and the latter is absorbed by KOH. 

. The results of the experiment show that any volume of carbon monoxide produces 
its equal volume of carbon dioxide by reacting with half of its volume of oxygen. 
But, carbon dioxide contains its own volume of oxygen. Hence, carbon monoxide 
contains half its volume of oxygen. So, 1 vol. carbon monoxide contains t vol. 
oxygen. By applying Avogadro's hypothesis, it comes out that 1 molecule of carbon 
monoxide contains 1 atom of oxygen ; or, its molecular formula is CxO (where x 
is an integer). So, the molecular weight of carbon monoxide is 12x+6. But, the 
vapour density of carbon monoxide is 14 and hence, its mol. wt. is 28. Thus, 

2x--16—29; or, x=1. So, the formula of carbon monoxide is CO. D 

The small dipole moment (0-1) of carbon monoxide and the other properties 
of the compound are suggestive of the presence of a triple bond in the molecule of 
CO. But, the C—O bond distance (1:13À) indicates that the triple bond arrange- 
ment only is notan adequate representation. It has, therefore, been suggested that 
the actual structure of CO is a resonance hybrid involving the structures as shown 

» below, with about equal contribution of each : 


It 


= 2 t 
2G ON UOS SONOS с 


І п ш IV 


Metal Carbonyls. 


Carbon monoxide acts as a good neutral ligand to form com- 
pounds with many metals. These are generally known as *metal car- 
bonyls. The discovery of nickel and iron carbonyls (Mond, 1890) 


bce. ito - 16 Tel 2— 


22 Р CHEMISTRY 


and the utilisation of the former in the metallurgy of nickel, 
Opened up a new field in chemistry, characterised by formation of 
zero-valent-metal compounds. Compounds of the type are formed 
most commonly by the metals of Periodic Group VIII (except Pd s 
Pt), less commonly by the transition metals of Group VII A an 
VI A and still less commonly by certain alkali metals of Group I. 


Some important metal carbonyls 


Group VII Group УШ 
HOME Мп, (СО), Fe(CO)s, Бе (СО), Fe(CO);. 
Mo(CO). Rex(CO)1 Co.(CO);, Со СО), 
W(CO), Ni(CO), 


The metal carbonyls are obtained b 
which the following are important : 


G) Direct synthesis from the finel 
monoxide. 


y a variety of procedures, of 


y divided metal and carbon ^ 
Thus, finely divided nickel absorbs carbon monoxide 
atroom temperature and normal pressure to for: 
Ni(CO). Reduced iron powder Гог 
when heated with CO at 200* 
pressure. Cobalt also forms the 
(i) Indirect synthesis by th. 
compounds of the metals in o 
with Grignand reagents. 


m the tetracarbonyl, 
ms the pentacarbonyl, Fe(CO), 
C and under 50-200 atmosphere 
carbonyl CO,(Co), similarly. 
€ action of carbon monoxide on the 
rganic solvents during their reaction 
Thus,’ the reaction between anhydrous 
chromic chloride, carbon 


monoxide and the Gr 
produces chromium hexacar 


ignard reagent 
bonyl, Cr(CO),. 


Similar reactions with 
5 produce the corres- 

ponding hexacarbonyls. 
(ii) The reaction between carbon mo 
cyclopentadienyls at elevated temperatures als 
(iv) Binuclear or dimeric carbonyls of th 
are made by treating a suspension of the met 
furan with carbon monoxide at 200-300 atmosphere pressure and at 
a temperature of upto 300*C in presence of some powerful reducing 
agent (e.g. Na, Al, Mg etc.). Co(CO)s is easily formed by tre 
CoCO, with CO and H, at 300 atmosphere pressure and 200*C 

2CoCO;-2H:- 8CO=Co,(CO),+2C02+2H,0. 


The metal carbonyls are covalent compounds and are uniformly 
diamagnetic. Their covalent characters are indicated by their easy 


noxide and the metal 
O give metal carbonyls, 
€ composition МСО), 
al halide in tetrahydro- 


ating. 
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volatility, insolubility in polar solvents and solubility in non-polar 
solvents. They are decomposed to the metals and CO when heated, 
although polynuclear carbonyls may sometimes be formed as inter- 
mediates. In many reactions, their properties are similar to the 
metals and carbon monoxide. Thus, nickel tetracarbonyl reacts 
with bromine to form NiBrz and CO, whereas with Grignard 
reagents, its reactions are those of CO. In some of other reactions, 
the characteristics of the compound are retained, as is shown by the 
substitution of CO moieties by NO or NH, groups. Some metal 
carbonyls dissolve in alkalis, and the solutions on acidification, 
form metal carbonyl hydrides. 
Ht 
Fe(CO),--NaOH 2 Na[HFe(CO).]—— ЕСС). 

Many metal carbonyls directly react with halogens to produce 
metal carbonyl halides. Some of the metal carbonyls are highly 
poisonous. They are generally reducing agents and are easily 
oxidised by atmospheric oxygen. The carbonyls of Groups VIA 
metals are more stable and less reactive than the carbonyls of 
Group VIII metals. 


Uses of metal carbonyls : Metal carbonyls are often used to prepare metal 
powders having spherical granules and for the preparation of pure metal (as n the 
M ond's process for Ni-extraction). Carbonyls of nickel and chromium are used for 
making mirrors. Iron pentacarbonyl is used as an anti-knock agent in gasoline. 


Structure of metal carbonyls: As the CO moieties in some metal 
carbonyls can often be substituted successively by neutral molecules, 
and as one-to-one replacement is effected by molecules like pyridine 
or ions like СМ“, it is apparent that CO exists as such in a molecule 
of a metal carbonyl and it occupies the equivalent of one co- 
ordination position in the structure. The X-ray and electron- 
diffraction studies of iron carbonyls have indicated that the linkage 
of CO to the metal is through the carbon atom (and not through the 
oxygen atom), and this appears to be quite likely due to the 
enhanced tendency of the carbon atom to become tetracovalent. 


In all known metal carbonyls, the metal atom acquires the 
electronic configuration of the next inert gas. Thus, only the 
metals of even atomic number in Groups VI to VII form mono- 
meric carbonyls. The M(CO), carbonyls of the Group VI metals 


24 CHEMISTRY 


form octahedral molecules, that of iron, Fe(CO);, has trigonal 
bipyramidal structure ; nickel carbonyl, Ni(CO), is tetratedral. 


3d 4s 2) ми 
ар КА IA 
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20. (ое еее 
The dipole moment of Ni(CO), is zero, indicating that the 
Ni—C—O bonds are linear ; its- electron diffraction studies also 
Supports the linearity. But, the Ni—C bond-distance is much 
shorter than N—C single bond and the C—O bond distance is 
intermediate between that of the C—O double and triple bonds. 
Ni<—c=o— < мі==0=0< 
(1) i (ш) 
These results are interpreted as due to considerable contribution to 
the structure from the doublé-bon 


ded form (II), which is produced 
by the ‘back donation’ 


of the non-bonding 34-electrons on the 
nickel atom to the CO molecule (D. 


The simplest carbonyls of the ele 
are dimeric, e.g. Mn;(CO),,, 
principle of the attainment of i 


ments of odd atomic number 
CO,(CO),, in accordance with the 
nert-gas structure of the metal atoms. 


SE e s mde 5 да d 
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The dimeric carbonyls of manganese and cobalt have been 
shown to have the two halves of the molecule linked by direct 
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metal-metal bonds, (Ш and IV). Bridged structures have also been | 
suggested for them.] 
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On exposure to light (u.v.) or heat, iron pentacarbonyl loses 
CO and a yellow, solid, dimeric carbonyl, Fe,(CO), is formed, and 
‘¢his disproportionates above 60°C to a dark green solid carbonyl, 


Бе СО); and Fe(CO); 


о, 


0°C 
5 Fe,(CO)s2-+3Fe(CO)s- 


/ 


Light 
6Fe(CO),——— ЗЕе СО) 
– 320 


The structure of Fe,(CO), as revealed by X-ray analysis, is as 
shown in (V), in which the iron atoms are linked by three covalent 
ketonic >C=0 bridges. The structure of trimeric tetracarbonyl, 
Бе (СО), is not exactly known, but the infra-red absorption shows 
the presence of both ketonic and bridging >C=0 groups and 
terminal carbonyl (—C=0) group. Structures VI and/or VII have, 


| therefore been proposed for it. 
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Carbon sub-oxide (C,O;): Very little information. is available 
for carbon suboxide which is the anhydride of malonic acid and is 
obtained by dehydrating malonic acid with P.O; m vacuum T 
about 150°C. It is a foul-smelling gas with a boiling point o 
—TC. It burns explosively with oxygen to form COs. It ee eee 
suggested from structural studies that the molecule of a pus iis 
and the actualstructure is the resonance hybrid of the fo 
resonating forms : 


S Te V 
o=c=c=c=0 <> b=0-C=C0-0<>0—C=C—C=0 


Carbon dioxide (CO,). 


Carbon dioxide occurs in the atmosphere to the extent of about 
3% by volume. The sources of atmosphéric carbon dioxide are 
mainly the burning of carbonaceous fuels, the respiration of 
animals, the decomposition of organic matter and the fermentation 
of sugar. Despite its occurrence in very small amounts in the total 
atmosphere, carbon dioxide plays a vital role in the synthesis 
of carbohydrate by the plants (photosynthesis) for their sustenance 
and growth and also for human consumption. Carbon dioxide 
also occurs in the water of many springs and it is ejected -in 
enormous quantities at many places from inside the ea: 


rth through 
fissures in the earth’s crust. In the combined State, it occurs in 


nature as carbonate minerals such as limestone, chalk, marble, 
magnesite, dolomite etc. 

Preparation: Carbon dioxide is formed (i) by the combustion 
of carbonaceous matter in excess of air or oxygen, (1) by the thermal 
decomposition of metal carbonates or bicarbonates (except the 
carbonates of the alkali metals and barium) or (iii) by the action 
of dilute acid on metal carbonates or bicarbonates. 

In the laboratory, carbon dioxide is commonly prepared by the 
action of dilute HCl on calcium carbonate (marble chips). [Dil. 
H,SO, is not used in this preparation, as Са50,, a product of the 
reaction, forms an insoluble coating on the pieces of marble and 
stops further reaction.] The gas is passed through sodium bi- 
carbonate solution, dried by conc. #50, and collected over mercury 
(or by the upward displacement of air, as the gas is much heavier 

than air). 
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Pure CO, can alternatively and easily be prepared by heating. 
pure sodium bicarbonate or by the acidic decomposition of pure 
sodium carbonate: 2NaHCO,=Na,CO;+CO,+H,O; NaCO,- . 
H,SO,=Na,SO,+H,0+CO,. 

Industrially, carbon dioxide is prepared by the thermal decom- 
position of limestone in a lime kiln (see ‘the manufacture of lime’ 
in chapter XIII). The gaseous products formed in the process are 
passed through ‘a concentrated solution of K,CO;, when CO, is- 
completely absorbed to from KHCO;. The solution of KHCO, is 
decomposed by boiling to obtain carbon dioxide : K,CO,-+-H.O+- 
CO,22KHCO, The gas is dried by passing through conc. H,SQ,. 

Large amounts of carbon dioxide is also obtained as a by- 
product during the production of alcohol by the fermentation of 
sugar: СВ Об glucose)=2C,H;0H+2CO0). It may also be 
obtained on a large scale from water-gas by catalytic process : 


catalyst 
--— COzt +2Н,1. 


CO4-H;4-H;O 
— 


Properties : Carbon dioxide is a colourless, odourless gas with: 
a faintly acid taste. It is about 1°5 times heavier than air. It is non- 
combustible and non-supporter of combustion. But, ignited 
sodium, potassium and magnesium metals continue to burn in it 
with the deposition of carbon : 4Na-4-3CO, —2Na,CO, C 3 2Mg-+- 
CO,—2Mg04-C. The gas is not poisonous, but animals cannot 
breathe in the gas and die in suffocation. Carbon dioxide is fairly 
soluble in water and forms the unstable, weak carbonic acid (H.CO,) 
in solution ; but, the dissolved gas is expelled on boiling the solution. 
H,O-++-CO,=H,CO;. [The aerated waters like soda-water, lemonade 
dissolved in water under pressure] When passed 


etc. contains CO; пе] У 
over red-hot carbon (or zinc or iron), carbon dioxide is reduced to: 
carbon monoxide : CO,+C=2C0 ; CO;rFe-—CO-FeO. [The 


gas also decomposes into carbon monoxide and oxygen at very high 


temperatures.] q у 
ten dioxide is an acidic oxide. It reacts with bases to form: 


carbonates : Na,O + CO, = №аСО, ; Ca0+CO;=CaCO3. When 
passed through a solution of sodium hydroxide, CO, first forms. 
М№а,СОз which generally remains in solution. if the passage of 
CO, through this solution is continued, sodium bicarbonate is 
formed which, being less soluble in water, is often precipitated :- 
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2NaO0H+CO,=Na,CO,+H,0 ; Na;CO;--H,0-4- CO, -2NaHCO,. 
When CO, is passed through a clear solution of lime water, the 
fatter turns milky due to the formation of insoluble calcium carbo- 
mate. Ifthe passage of CO, gas through the milky solution is conti- 
Mued, the milkiness disappears due to the formation of calcium 
‘bicarbonate which is soluble in water. The resultant clear solution 
gain turns milky on boiling, and this is due to the decomposition 
-of calcium bibarbonate by heat, when calcium carbonate is formed : 
Са(Он),+ CO,—CaCO, | --H,O ; CaCO,+H,0+CO,=Ca(HCO,)». 

Dry ice or solid carbon dioxide : 


Gaseous CO, can be liquefied when subjected 
‘to a pressure of about 60 atmosph 


eres at ordinary temperature. The liquid is 
partially evaporated in evaporators, whereby the temperature drops to about 0°C and 
the pressure to about 30 atmospheres. Under these conditions, the liquid CO, is 
"transformed into solid in the form of fine particles of snow, which are pressed into 
"solid blocks of suitable size. The vaporised liquid CO, from the evaporators is 
sre-cycled along with fresh quantities of the gas. Solid carbon dioxide or dry 
ice as it is called, is largely used in refrigeration work. In a 
produces a temperature as low as 


‘sodium carbonate (Solvay Process), urea, Salicylic acid etc. 
‘Composition aud formula of carbon dioxide 


Volumetric composition. Т 


he volumetric com- 
Position of CO, can be 


ascertained by electrically 
burning a small piece of carbon in the globe of 
the eudiometer tube as shown in the figure in 
the margin. The globe is Previously filled with 
pure oxygen at atmospheric pressure, [This is done 
by adjusting the Same mercury levels at the two 
limbs of the tube] After complete combustion 
of the piece of carbon and on Cooling the appa- 


у mercury levels at the two 
limbs is observed. This indi x 


ZA CHARCOAL 


owa volume of oxygen. 


Gravimetric composition —The composition 
by weight of CO, is determined by burning a 
&nown weight of pure charcoal in a combustion tube (as shown in the figure 
us 
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below) in a current of dry and pure oxygen, and absorbing the CO, formed іп: 
an assembly of absorption bulbs containing stroning KOH soln. The potash-bulbs arc 
weighed accurately before and after the combustion to obtain the weight of CO, 
formed. [The use of CuO inside the combustion tube ensures conversion of any 
carbon monoxide formed into CO, and the attachment of soda-lime tube at the end 
of the potash-bulbs -eliminates incoming ofany atmospheric moisture and СО, 


KOH “H2504 


experiments slow that the percentages of carbon and oxygen in the” 
27 and 72:73 respectively. So, the ratio of the number cf atoms of 
7: T2701 : 2. Thus, 
the empirical formula of CO; is (COs)x, where x is an integer. Now, the vapour 
density of CO, is 22 and hence, its molecular weight is 44. Thus, (CO2)x=44 ; ог 
x=1: So, the molecular formula of carbon dioxide is COs, The formula of CO, 
can also be deduced by applying Avogadro's hypothesis to the data obtained in: 


determining the volumetric composition of the gas.] 


The results of the 
CO, formed are 27: 
carbon and oxygen іп а molecule of CO, comes out as 


The dipole moment of CO, is zero. Hence, the arrangement 
of the atoms in its molecule should be linear. The C—O bond-: 


distance (115A) in CO, suggests that the molecule of CO, is a 
resonance hybrid of the following three forms, each one of them. 
making approximately the same contribution : 

+ + 


:0::6::0: 70:0€::0: TORRO 
v = ч zs d 
(о=с=а) (o-c=0) (о==6–0) 


Detection and Estimation of СО»: Carbon dioxide is an odourless gas and 
turns lime water milky. It is estimated by absorbing in a known volume of standard: 
baryta soln., filtering off the precipitated BaCO, and titrating the excess baryta with 
a standard acid soln. (using phenolphthalein indicator). 


Carbonic acid and Carbonates. 
Carbon dioxide is the anydride of the importannt acid, carbonic 
acid (H,CO,, which is formed in solution when CO, dissolves in 
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Water. The acid is very weak and highly unstable, and in fact, it 


has not been Possible to isolate it in the pure state. [It has, however, 
been found that, when HClis added to a suspension .of NaHCO; 
in anhydrous ether at—30°C, the anhydrous acid, H,COs, exists 
as a stable entity in ether solution, and a solid etherate, H,CO3. 
(C:H;),0, is precipitated at— 78°C as white crystals which decompose 
above—10°C.1 Taking for granted that all the CO, dissolved in 
water remains as H,CO3;, its acid dissociation constants аге d 
аз: H,CO;=H*-+HCO,-, K,—4-16x 107? and HCO;—H*--CO;, 
K,—4:84x 10-11, [In fact, however, the greater part of the dissolved 
"СО; is present in solution as loosely hydrated species.] Carbonic 
acid, therefore, is a weak dibasic acid and gives rise to two series 
«of salts, viz. bicarbonates and carbonates : 


NaHCO, (acid salt, bicarbonate) 
NaOH-L-H,CO, 


NaCO; (normal salt, carbonate) 


Both normal and bicarbonates of the alkali metals are known in the 


and they decompose into 
ing the solutions. The normal 


ammonium carbonate are 
soluble in water, but most of the normal canbonates of the heavy 
metals are practically insoluble in water. Due to the weakly acidic 
nature of carbonic acid, the solutions of 


in water react alkaline because of hydrolysis : 


CO;"+H,0=HCO;+0H-. 

When precipitated from solution 

.of alkali metal carbonates, many heavy metals form basic carbonates 
e.g. PbCO;, Pb(OH);, Mgco,, Mg 

hydrolysis of the carbonate ion. 

ђе titrated by strong acids (e.g. HC 


Dus the comple- 
tion of the first stage of neutralisation, i.e, upto the bicarbonate 


point of com- 
plete neutralisation : 


Месо +-HCl=NaHCO;+NaCl [phenolphthalein, pH=8-7] 
ао: гоно! эмас ОО [methyl orange, pH-—40] 
2 3 


the alkali metal carbonates. 
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Carbonic acid is represented by the structure, ome e. The 
о-н 
conbonate ion involves sp?-hybridised carbon atom and has, there- 
fore plane triangular shape (cf. Chapter II). X-ray analysis in- 
dicates that the three C— O bonds in the carbonate ion are identical. 
Hence, it is suggested that the structure of carbon ion is a resonance 
hybrid of the following forms, each making almost equal contribu- 


tion to the actual structure : 


Percarbonates: Metal carbonates containing larger proportions of oxygen im 
their molecules than that present in a molecule of normal carbonate (such as 
Na,COs) are commonly known as percarbonates. Two types of percarbonates are 
known, viz. permonocarbonates and perdicarbonates, although their parent acid 
nic acid and perdicarbonic acid) have not been isolated. 

When a saturated solution of potassium carbonate is electro- 
15° to —10°C) with platinum electrodes, using high 
s obtained at the anode. The deposit is 
alcohol and ether and dried. The 


<permonocarbo: 
Perdicaibonates : 
lysed at a low temperature (— 
current-density, a pale blue deposit i 
washed quickly and successively with cold water, 
product is potassium perdicarbonate, KyC,Os : 
KO—COOK electrolysis 
Ae | А 
KO—COOK O—COOK 


The corresponding sodium salt is prepared analogously. These salts readily 
decompose into KsCOs, CO; and Оз on slight heating, and they readily liberate 
iodine from neutral KI solution : 2K,C,0, 22K.COs-2COs +0, ; KyCyOo+2KI 
—2K,CO,L. ltalso reduces acidified KMnO4 solution: 5C;O,?-4+-2MnO,- + 


16H+=2Mnt?+-10CO,+502+-8H20. 

This type of perdicarbonates are often designated as ‘electrolytic perdicarbonate’ 
to differentiate them from the isomeric compounds obtained by passing a stream of 
CO, gas through an ice-cold solution of alkali peroxide: Na,O,+2CO,=Na,C,0, 
The corresponding potassium salts are similarly prepared. The two types of Dei 
bonates, viz. the one prepared electrolytically and the other prepared by chemical 
methods, differ considerably in their properties, which is accounted for b; vm 
different structures. Thus, the amount of iodine liberated by the peer ab 
carbonate is double that liberated by the other type ; the electrolytic a бај i 
liberate I; from KI solution immediately, but the other type liberates І, follo A a 
O, The ele ctrolytic perdicarbonate is supposed to contain internal eee 4 
(-0-O-)in the molecule, while the other type of perdicarbonates, e (es 


terminal) peroxo-groups in their molecules. 


о-соок 
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KOOC—O—O—COOK KaO 0–0–К 
Electrolytic perdicarbonate Sc_o-c% 
(K,C,0,) # BN 
о о 
Synthetic perdicarbonate 
(K:C.0;) 


Perexomonocarbonates like Na,CO;, BaCO, etc. are prepared by passing CO 


gas through ice-cold solution or suspension of Na,O, or BaO, respectively ; Ма О, + 
CO;—Na;CO, ; BaO,+CO,=BaCo,. 


,/9 -ONa 

structure, росе 
Carbonate-perhydrates : When Н.О, solution is added to an ice-cold solution” 
of sodium carbonate, and alcohol is added to the reaction-mixture, a white crystalline 
precipitate of the composition, Na.CO;H,O,.!H,O is Obtained. This is called 


sodium carbonate-perhydrate. A simiiar perhydrate has the composition 2Na,CO;.~ 


ЗН,О,. These compounds liberate iodine from KI solution very slowly. They are’ 
often used in detergent powders. 


Sulphides of carbon: 
carbon is carbon disulph 
lower sulphides such as CS 


Their chemical behaviour suggests thc 


The principal and important sulphide of 
ide (CS,), although other very unstable: 
and С,5, have been reported in literature. 
Carbon disulphide is technically prepared by passing sulphur 
vapour over white-hot wood charcoal or coke : C+2S=CS,. The: 
reaction is endothermic. 


Тп actual practice, а tall electrothermal furnace, fitted with two stout carbon rod’ 
electrodes near the bottom, is filled with powdered charcoal or coke. Sulphur is 
admitted at the base of the furnace through openings at the side. Powdered coke 


or charcoal can also be introduced in the furnace through separate Openings near 
the bottom. On striking an arc between the electrodes, the charge in the furnace 
is heated white-hot and sulphur is simultaneously vaporised. The sulphur vapour 
ascends and comes in contact with white-hot coke (or charcoal) when CS: is formed. 
Carbon disulphide vapours escape through an exit tube near the top of the furnace’ 
and are then condensed into the liquid on passing through water-cooled condenser. 
The crude CS; is purified by shaking with metallic mercury and then re-distilling. 
Carbon disulphide isa UD volatile and highly refractive 
liquid, having a density of 1:262 (at 20°С). "The pure compound has 
a faint pleasant odour, but m generally possesses an offensive smell 
se of the presence of impurities. It boils at 46°C ang freezes 
becau «6C. It is almost immiscible with water, but is completely 
at -111 i alcohol, ether and chloroform. 1t is poisonous. 
miscible eut is highly inflammable and its vapours form explosive 
The CARA h oxygen, air and even nitrogen dioxide. It decomposes 
mixture 


ter vapour above 150°C: CS,+2H,O=CO,+2H,S. Strong 
water v 
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oxidants, such as permanganate, decomposes CS, with the deposi- 
tion of sulphur. It reacts with sulphur trioxide to form carbonyl 
sulphide (COS, also called carbon oxysulphide) : CS,4-380,— 
COS--4SO,. · When chlorine gas is passed through boiling CS, in the 
odine (as catalyst), carbon tetrachloride 
e formed: CS,4-3Cl; — CCl,-- S:Cl. 
ared through this reaction. The two 
are separated by fractional distilla- , 
elevated temperatures in presence 
rogen sulphide : CS,+4H,= 
s with caustic soda solution 
iocarbonate : 3CS,--6NaOH 
eacts with alkali sulphide 
K,CS,. It is an 


presence of small amount of i 
and sulphur monochloride ar 
[In fact, ССІ, is generally prep 
products, viz. CCl, and, SCl; 
tion.] It reacts with hydrogen at 
of Pt-catalyst to form methane and hyd 
CH,--2H,S. Carbon disulphide react 
to give sodium carbonate and sodium th 
=Na,CO,+-2Na,CS,+3H,0. It also r 
solutions to form alkali thiocarbonates : CS.+K,S= 
excellent solvent for many substances. 

The eletron diffraction data on carbon disulphide show that its 
molecule is linear with С-5 bond distance of 1:54А. Such a bond 
distance can be explained by taking into consideration the following 
three resonance structures of the molecule, with equal contributions 


by each : 


O ^ t ге, ig 
8::0::8 <> :8:10:81 18: 0:18: 


used in industry as a solvent and 


Carbon disulphide is widely t 
extracting medium for fats, oils, waxes, resins, rubber, sulphur, 
iodine, phosphorus efc. It is also largely employed in the production 


artificial silk); for the vulcanization of rubber, for 


of viscose silk ( f 
the manufacture of carbon tetrachloride and also, to some extent, 


as an insecticide. 
Carbonyl sulphide (COS) is а colourless, odourless and inflammable gas which 
is formed on passing a mixture of carbon monoxide and sulphur vapour through a, 
red-hot tube: CO+S=COS. [it is best obtained in the pure state:by ‘the action 
of acids on ammonium thiocarbamate: H,NC—ONH,--2HCI—2NH,CI 4-COS.] 
| 3 ee 


It is slowly decomposed by water into CO, and H,S: COS+H,O=CO,+H,S, 1 
reacts’ with an alcoholic solution of ammonia to form ammonium oboe 


3 


У 2... „а 
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COS42NH,—H,N.S.CONH,: [Ammonium thiocarbamate forms urea oa gentle 
heating: H,N.S.CONH,=CO(NH;),+H.S.] 


aS E + dE. .. xd 
0::С::5 : ОСА S HE 


Structure of carbonyl sulphide 


Halides of carbon: Carbon forms a large number of halides 
which are generally dealt with as the subject-matter of organic 


chemistry. In the present discussion, we shall mention only a few 


'of them. 

Carbon tetrafluoride (СЕ,) 15 formed as a colourless gas (b.p. 
—128'C) on burning carbon in an atmosphere of fluorine, or by the 
action of silver fluoride on carbon tetrachloride at 300°C. It is 
sparingly soluble in water and is extremely stable towards heat. 
The compound is also unaffected by acids and alkalis. à 

Carbon tetrachloride (CCH) : It is prepared through the reaction 
of Cl, gas and CS, in presence of some halogen-carrier like iodine 
or MnCl, : CS,+3Cl,=CCl,+S,Cl,. The resultant S;Cl, is made to 
react with CS, at 60° and in presence of a suitable catalyst (FeS) to 
produce more CCI, and deposit sulphur : 2S,Cl,-- CS,— СС] +65 
[The deposited sulphur may be used to Prepare CS,, and the ie 
facture of ССІ, thus continues as a cyclic process.] СС, obtained 


is the above process, is washed wit ; Д 
fractionally distilled to get the pure ee solution, dried and 
Carbon tetrachloride is a colourless, 
refractive liquid, with a characteristic smell and narcotic acti 
It boils at 766 C and has a density of 1-5. At ordinary (Eo 
tures, it is chemically inert and is unaffected by se TN 
bases. It, however, slowly corrodes metals like Fe and are > or 5 p 
decomposed by water in presence of these metals, Miri wu 
equation, ССІ, +29,0=С0,+4НСІ. Heated Sodium reacts a s M 
with carbon tetrachloride. It is immiscible with water j ently 
completely miscible with alcohol and other organic solvents › but is 
Carbon tetrachloride forms many important substituted. А 
which are discussed later. It is widely used as an amen ci a 
for fats, oils, resins ec. It is also used as а fire-extinguishing 
material and also in medicine. 


non-inflammable and highly 
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Carbon tetrabromide (CBr,) and carbon tetraiodide (Сц) are solids, melting 
at 94°C and 171°C respectively, and are formed on heating ССІ, with Ат; and 
Ally (or Bil,) respectively. 


Carbonyl chloride or Phosgene (СОСІ,) is a highly poisonous 


+ suffocating and colourless gas witha pungent smell. It is formed 


when a mixture of equal volumes of CO and Cl, is exposed to 
strong sunlight, or is passed over active charcoal : СО--СІ= СОС. 
Carbonyl chloride may Бе prepared in the laboratory by adding 
fuming sulphuric acid dropwise to boiling carbon tetrachloride : 
CCl,+2SO,;=COCI,+8,0;Cl, (Disulphuryl chloride). 

[When chloroform is exposed to air and sunlight, it is oxidised 
to phosgene : 2CHCI,+O,=2COCI,+2HCl. Hence, chloroform is . 
generally stored tightly closed in coloured bottles.] 

Carbonyl chloride is unstable towards heat, and it completely 
decomposes into CO and Cl, at about 800°C : СОСІ=СО+СІ,. 
Jt slowly reacts with water to produce CO, and НСІ. With 
ammonia, it forms urea. It is, therefore, regarded as the acid 
chloride of carbonic acid: COCI,+H,O=CO,+2HCi; COCR- 
4NH,=CO(NH,).+2NH,Cl. It reacts with ethyl alcohol to form 
diethyl carbonate : COCI,+-2C,H,;OH=CO(OC.H;).+2HCI. 

Carbonyl fluoride (COF;) and carbonyl bromide (COBr,) are 
also known. 


Mixed halides of carbon: Freons.—Chlorofluoro-derivatives of 
methane and ethane are known as freons. These are prepared by 
the action of hydrofluoric acid or a metal fluoride (such as SbF;) on 
СС, CHCl, ог C,Cl, in presence of a catalyst like SbCl; (Swart’s 
reaction) : 3CCl,--28bF4—3CF,Cl--2SbCl, [Some other chloro- 
fluorocarbons like CCI,F, CCIF, and carbon tetrafluoride are also 
produced in the above reaction. The mixture of the above gases 
are commercially called freons. Of these, CF,Cl, is named Freon-12.] 
Freons are colourless, inert, non-inflammable and non-toxic. They 
have very low boiling points and can be easily liquefied under 
pressure. The resultant liquid, on evaporation, absorbs a large 
amount of heat. Freons are widely used as refrigerants, aerosol 
bomb propellants and heat-transfer agents. 

Teflon or polytetrafluoroethylene (a polymer of tetrafluoro- 
ethylene) is a plastic-like material obtained through polymerisation 
of tetrafluoroethylene in presence of some catalyst. [Tetrafluoro- 
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ethylene (C;Fj) is prepared by the action of SbF, and HF on 
choroform and then heating at 800°C the chloro-difluoromethane 
so produced : : 


z 


CHC SbF HE) CHE,CI —C;F44-2HCl4- other products.] 
Teflon, though difficult to work, is a good electrical insulator 
and is resistant to hot, concentrated acids and alkalis (even to 
boiling aqua regia). 

Hydrocyanic acid and Cyanides: Нуйгосуапіс acid (HCN) or 
prussic acid, as it is sometimes called, occurs in the combined state 
in the plant kingdom (e.g. as the glucoside amygdalin in bitter. 
almonds) and also in small amounts in the free state in crude coal- 
gas. It is prepared by distilling potassium cyanide with dil. H,SO,, 
drying the evolved gas by fused calcium chloride and condensing 
it to a liquid by cooling in a freezing mixture : KCN+H,SO, = 
KHSO,+HCN. Distillation of powdered potassium ferrocyanide 
with dil. H,SO, also produces the acid: 2K,[Fe(CN),]-+3H,SO,= 
3K,SO,--K;,Fe[Fe(CN),]--6HCN. Pure HCN may be prepared by 
passing pure and dry H,S through mercuric cyanide : Hg (СМ),-- 
H,S=HgS+2HCN, у 

Hydrocyanic acid is a colourless, mobile liquid (6.р.=26:5С ; 
. density =0°697). It is extraordinarily poisonous and has a distinctive 
smell. (As little as 50 mg. is sufficient to kill a man within a few 
seconds. The antidotes for HCN-poisoning are hydrogen peroxide 
or ferrous hydroxide.) The high dielectric constant (—116) and 
boiling point of hydrocyanic acid are due to extensive hydrogen- 
bonding among its polar molecules. The compound 45 covalent, 
but it is capable of dissociation in aqueous solution. It is completely 
miscible with water, alcohol and ether. In aqueous soltion, HCN 
behaves as a very weak acid (Ka=2-1x10-°), and as such, the 
water-soluble metal cyanides are easily hydrolysed in water, making 
the solutions alkaline: CN-+H,O=HCN+OH- (see vol I, pp. 
220-223. Liquid HCN is unstable and polymerises readily. 

Hydrocyanic acid is often thought of as existing in two tautomeric 
forms as shown below, corresponding to nitriles and isonitriles : 


HON = =H: Ni: Cio, H CSN H-N O 
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But, all atempts to effect their. separation have been unsuccessful 
and as such, the existence of the two forms is doubtful. j 


Hydrocyanic acid has been used as a non-aqueous ionising 
solvent. 


Metallic cyanides : These are metal-salts of hydrocyanic acid 
and they can be classified as (i) the ionic cyanides, (ii) the covalent 
cyanides and (iii) the complex cyanides. 

[The cyanide ion, CN-, is found in the ionic cyanides of the alkali metals. But, 
the CN group may be attached by a covalent bond either from the carbon or from 
the nitrogen atom as, — СЕМ :, ог: C=N-, and in this way, the organic cyanides 
and isocyanides (/.е., nitriles and isonitriles) arise. There is the further Possibility 
of the CN group being attached at both ends by covalent bonds, i.e. as a bridging 
CN group, -C=N—,] 

(i) The ionic cyanides are formed by the alkali metals (except Li) 
and monovalent thallium and possibly also by the alkaline earth 
metals. The formation of such cyanides in the cases of many 
heavier metals appears to be debarred by the extensive hydrolysis of 
strongly basic cyanide ion, resulting in the formation of the hydrated 
oxides or hydroxides of the metals. In these cyanides (M*CN-^), 
the C—N bond has been calculated to be about 5795 ionic and it is 
supposed to involve the two resonance forms 


Two important compounds of this category, viz. sodium cyanide 
and potassium cyanide, have been discussed in details under Sodiam 
and Potassium in Chapter XI. " 

(i) Of the covalent cyanides (metallic), silver cyanide (AgCN) 
has been studied in details. Its preparation and certain reactions have 
been described earlier (see, ‘Compounds of silver’, chapter ХП). X-ray 
studies have shown that in the crystal of AgCN, there are infinite 
chains of alternate Ag atoms and CN groups, so that the cyanide 
group is attached at both ends to metal atoms as —Ag-CzN- 
Ag-. These chains аге arranged in parallel hexagonal packing. 
Similar bonding of the CN group is also suggested for the covalent 
cyanides of Pd (ID, Pt (ID, Ni (I) and Cu (ID, which form four 
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planar bonds, and their crystals are supposed to possess layer 
structures. i 

(ili) Complex cyanides: The CN- ionis a good coordinating 
ligand and forms complexes with many transitional metals and also 
with the metals immediately following them (e.g. Zn, Cd, Hg). 
These complex cyanides have the composition [M**(CN), ]*«-", 
where М? = is the metal ion with +x charge and nis the number of 
the CN group attached thereto. These are generally formed by 
treating a solution of the metal salt with excess of alkali cyanide 
solution (as in the formation of potassium ferrocyanide, potassium 
ferricyanide егс.), or by dissolving a heavy metal cyanide іп alkali 
'cyanide solution (as is the case with AgCN): FeCh+6 KCN— 
K4[Fe(CN),]--2 KCl; AgCN--KCN—K[Ag(CN),. The complexes 
have remarkable stabilities and their properties are completely 
different from those of the simple cations from which they are 
derived. Their formation is generally accompanied with remark- 
able change in the oxidation potential of the metal ions, and 
stabilization of certain unusual valence-state of the metal can often 
be effected by such reactions. In such complexes, the central metal 
ions are commonly 2—,4—, 6— or 8— covalent. 


The cyanides of alkali metals and of the alkaline earth metals are readily soluble 
in water and the aqueous solutions have strongly basic reaction due to hydrolysis, 
and they smell of hydrocyanic acid. The cyanides of heavy metals (except mercuric 
cyanide) are mostly insoluble in water, but are often soluble .in excess of alkali 
metal cyanides to form complex salts. А 


Alkali metal cyanides are used in electroplating, 


extraction of metals (such as ; 
Au and Ag), in organic synthesis and also in qualitativ 


€ chemical analysis, 
Cyanogen [(С№)г] : Cyanogen is generally prepared by heating 
mercuric cyanide : Hg(CN);,—Hg--(CN), |. A mixture of Hg(CN), 
and HgCl, evolve the gas at much lower temperature : Hg(CN),4- 
HgCl,— Hg.Cl +(CN)s t TOPIC can also be prepared (although in a 
less pure state) by slightly heating à mixture of solutions of CuSO, 
and KCN. In this reaction, cupric cyanide, Cu(CN),, is formed as 
an unstable yollow coloured intermediate Product which readily 
decomposes into white cuprous cyanide, TOC, EA 
CuSO, + 2 KCN = K0, + Cu(CN): ; 2 C(CN), = Cu (CN), + 

"s Cyanogen is a water-soluble, colourless gas. Ithasa 
нв smell and is highly poisonous, Cyanogen exhibits тапу 
is 
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characteristic properties of halogens, and as such, it is calleda 
pseudo-halogen. Thus, like chlorine, it reacts with water (hydrolysis) 
to form hydrocyanic and cyanic acids : (CN),+H,O=HCN+HCNO 
(cf. Cl,+H,O=HCI+HOCI). Cyanogen is also absorbed by cold 
alkali solutions to form alkali cyanide and alkali cyanate : (СМ) + 
2 КОН = КСМ-КСМО-ЊО (cf. Clj4-2 KOH = KCI4-KOCI4- 
H,O]. It is reduced by hydrogen to ethylenediamine : (CN),+8[H] 
—H,N.CH, CH, NH, The gas burns in air with a reddish flame 
to form carbon.dioxide and nitrogen : (СМ), -205—2CO; J-N;. 


' Cyanogen molecule is apparently linear. The structure of 
cyanogen is supposed to the resonance-hybrid of the following 
forms, with structure (I) making the greatest contribution. 


SE ~ + + I 
ININQICIUNUGSeINOÓOIOÓINI—INSUCHUCUN: 


(00) qn (ш) 


At 400" — 500°С,суаповеп polymerizes to paracyanogen, (СМ), а 
solid material which reverts to cyanogen at 800°—850°C, but 
decomposes above this temperature. The following structure has 
been suggested to the polymeric substance : 


C SUNG NZS 
ce 
VN IN S NEAN A 


Cyanic acid and the cyanates:  Cyanic acid (HCNO) is formed when an aqueous 
solution of potassium cyanate is acidified ; but the acid is completely decomposed 
by the water present to form ammonia and carbon dioxide : KCNO+HCI=KCl+- 
HCNO ; HCNO4-H4,0 —NH;4- CO;. 

Pure cyanic acid is a colourless liquid, and may be obtained by heating cyanuric 
acid (CNOH);. 

Fused potassium cyanide reduces metallic oxides to the corresponding metals 
assium cyanate is formed. Thus, on slowly adding lead. monoxide or red 

а well-stirred fused mass of KCN, metallic lead and potassium cyanate are 
formed : KCN+PbO=KCNO + Pb ; 4KCN+ Pb,0,—4KCNO +3Pb. The cooled 
mass is extracted with hot aqueous alcohol, and the extract is concentrated to get 
the crystals of potassium cyanate. Sodium cyanate may be similarly prepared, 


and pot 
lead to 
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) Ammonium cyanate (NH,CNO) is obtained by mixing concentrated solutions of 


Potassium cyanate and ammonium chloride : KCNO--NH,CI-NH,CNO 4-KCl. 

The cyanates are slowly hydrolysed in aqueous solution to form the corresponding 

, metal carbonate and'ammonium carbonate : 2KCNO+4H,O=K,CO,+(NH,):COs. 

Ammonium cyanate (or a mixture of KCNO and НАСТ) is readily converted on 
heating into the isomeric compound, urea : NH,CNO—-CO(NH,. [This reaction, 
discovered by Wohler in 1828, definitely shattered the hypothetical barrier between 
‘inorganic’ and ‘organic’ substances.] 

Thiocyanic acid and thiocyanates: Thiocyanic acid (HSCN) is 
obtained as a pungent-smelling gas when mercury thiocyanate (or 
lead thiocyanate) is warmed in a stream of hydrogen sulphide : 
Hg(SCN).+H,S=HgS+2HSCN. The compound can also be pre- 
pared as agas on heating potassium thiocyanate (KSCN) with 
potassium bisulphate : KSCN+KHSO,=K,SO,+HSCN. 

Thiocyanic acid is a colourless, oily, non-poisonous and very 
volatile liquid. In the pure state, it is extremely unstable and 
‘decomposes with the formation of HCN and some other solid 
product of complex nature. It is stable at very low temperature 

and in dilute (<5%) solution. Иза Strong acid and is completely 
miscible with water. The aqueous solution of. the acid is easily 
prepared by treating metal thiocyanates with dilute acids. 

The salts of thiocyanic acid are called thiocyanates or sulpho- 
cyanides. They are readily formed by the direct union of metal 
cyanides and sulphur at elevated temperatures. 
thiocyanate is prepared by fusing KCN with powdered sulphur, 
extracting the cooled melt with alcohol and Crystallising the product 
from the alcoholic solution: KCN+S—KSCN. Ammonium 
thiocyanate is obtained through ' the reaction between ammonium 
cyanide and yellow ammonium sulphide solution : NH,CN4- 
(NH,)2S2=NH,SCN-+ (NH,),S. It is technically prepared by the 
action of aqueous ammonia on CS, at about 110°C and under- 
pressure : 2NH; + CS:=NH,SCN-+H;S. А 
' Most thiocyanates are soluble in water ; silver, 

er (I) thiocyanates are insoluble and lead thiocyana 
abr in water. The thiocyanates of colourless cations are also 
soluble They resemble metallic chlorides in giving a precipitate 

enu opina (insoluble in water and dil. acids), when their 
of silver solutions are treated with ‘AgNO, solution : AgNO,+ 
aqueous 


CN AgSCN J +KNO;. [This reaction is taken advantage of in 
KS = 


Thus, potassium 


mercury and 
te is sparingly 


ELEMENTS OF GROUP IV B 41 


the volumetric estimation of silver by Volhard’s method.] A 
characteristic and very sensitive reaction of thiocyanates is the 
formation of red colour when their aqueous solutions are added to 
ferric chloride solution. The blood-red colour is due to the 
formation of complex Ее(ЅСМ№),3- ions  Fe*3-- 6SCN- == Fe(SCN),°- 
[It is a very sensitive test of Fe*? and SCN-.] Thiocyanates are 
decomposed by moderately concentrated sulphuric acid : KSCN+ 
2H,S0,4-H;O =COS+(NH,)HSO,+ KHSO,. 

Thiocyanates are used in dyeing. Ammonium and potassium 
thiocyanates are used as reagents for the detection of ferric salts 
and for the estimation of silver. 

Thiocyanogen (SCN),: Thiocyanogen was first obtained (1919) 
by the action of bromine (dissolved in CS,) on silver thiocyanate : 
2AgSCN+Br,=2AgBr+ (SCN). _ Oxidation of thiocyanates with 
lead tetraacetate or MnO, also produces the substance. Crystallisa- 
tion of concentrated solution of thiocyanogen in ethyl bromide or 
diethyl ether at —70"C gives solid thiocyanogen, melting at — 2? to 
—3°C. Cryoscopic measurements in bromoform solutions of. 
thiocyanogen give molecular weight corresponding to the dimeric 
formula, (SCN),. - It is more or less stable as solutions in certain 
solvents ; but, in the free state, it rapidly polymerizes irreversibly 
to a brick-red solid, called parathiocyanogen, (SCN)s. of unknown 
structure. ) 

Thiocyanogen is а pseudo-halogen. Free thiocyanogen closely 
resembles iodine in its chemical behaviour. Thus, it combines with 
metals and has almost the same oxidising powder as iodine: 
M-+(SCN),=M*2+2SCN-: It liberates iodine from iodides, and 
is itself set free by excess of iodine: 21-(5СК) = I--2SCN-. It 
reacts with thiosulphate to give thiocyanate .and tetrathionate : 
(SCN),--28,0,- —28CN--- SO". It liberates sulphur from’ 
hydrogen sulphide : (SCN),.+H,S=2H*+2SCN= +8. 

The structure of thiocyanogen has been suggested as shown 
below, and such a structure is in good agreement with its properties : 

Carbides: The binary com- à 
pounds of carbon with elements · :5: C:N: E S—C=N 
of lower or about equal electro- :8:C:::N: ,S— CEN 
negativity are known as carbides. ` ; , " 

Such a definition of this class-of compounds obviously exclude the 
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binary compounds of carbon with oxygen, sulphur, nitrogen, phos- 

phorus, halogens efc. Although methane and other hydrocarbons 

he category of carbides by the above defini- 
in the subject-matter of 

organic chemistry. у 


Carbides vary widely in their Properties wh 
the type of linkage present in their Molecules, 
classified as (i) ionic Or salt-like carbides, 
and (iii) interstitial or metallic carbides, 

(i) Tonic oF sait-like carbides : 
metals of Groups I, П, and III. of t 
colourless, transparent crystals an 
dilute acids at ordinary temperatures to Produce hydro 
Methane or acetylene or allylene (methyl acetylene). 
are, therefore, further Sub-divided into three Categories, yjz, 
rüethanides, acetylides and allylides, according as their crystals 
contain the discrete C-4 groups, C,- groups and C,- groups 
respectively. 

(a) Methanides.—Carbides of this Category yield methane on 
treatment with water or dilute acids and they are, therefore, 
considered as the derivatives of methane, The important exam- 
ples of such carbides are beryllium carbide (Be,C) and aluminium 
carbide (Al,C,). 

Be;C--2H,0 —2Be0-L CH, 5 Al.C;+12H,O = 4Al(OH),+3CH,. 

(b) Acetylides.—These carbides produce, completely ог 
predominatly, acetylene on hydrolysis, Metals of Group I of the 
Periodic Table (both the alkalj metals and the coinage metals). form 
carbides M,C, (M==Li, Na, K, Rb, Cs, Cu, Ag and Au); the metals. 
of Group П form carbides MC, (M=Be, Mg, Ca, Sr, Ba, Za, Cd) ; 
ofthe metals of Group III, aluminium and cerium form carbides 
Al,C, and Ce;C,; the lanthanons form carbides MC, (M—Y, La, 
Ce, Pr, Nd). Some other acetylides, having the metals in unusually 
low oxidation states, viz. · ThC,, UC, and VC, are also known. 
CaC,4-2H;0 =Ca(OH).+ C,H, ; АЪС,+ 6H,O=2A1(OH),+.3C,H). 

(о) Allylides.—The only carbide of this class is the Soon 

carbide, Mg;Cs, which is formed when the acetylide MgC, is heated. 
It gives allylene (methyl acetylene) on hydrolysis: Mg,C, +4H,O 
=2Mg (ОН), + CHsC= CH. 


ich are dependent on 
They are, therefore, 
(ii). Covalent carbides 


These are formed chiefly by the 
he Periodic Table. 


They form 
d are decomposed b 


y water or 
carbons like 
These carbides 
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The ionic carbides are generally prepared by heating the metal or its oxide with 
carbon at elevated temperatures, or by) the action of acetylene on the compounds 
of the metals (e.g. of Cu, Ag, Au, Zn, Cd). Lithium carbide (Li,C;) is formed by 
the direct combination of the metal with carbon, but the corresponfling carbides of 
the other alkali metals are formed by heating the metals in acetylene gas. К, Rb 
and/Cs carbides can also be prepared by passing acetylene into a solution ofithe 
respective metal in liquid ammonia. $ 

(ii) Covalent carbides : The two elements, silicon and boron, 
which approach carbon closely in size and electronegativity, form 
truly covalent carbides. Silicon carbide or carborundum (SiC) is a 
hard, infusible and chemically stable substance, which is prepared by 
reducing silica with carbon in an electric furnace (also see in 
“compounds of silicon’ described later in this chapter). Itisa giant 
molecule of three-dimensional structure, in which carbon and silicon 
atoms alternate and each is tetrahedrally surrounded by four atoms 
of the other kind. The breakage of such a structure would require 
the rupturing of a large number of covalent bonds, and this explains 
its extreme hardness, chemical inertness and the very high. 
decomposition temperature. 


Boron carbide, B,C, is also an extremely hard, influsible and 
chemically inert substance, and is prepared by reducing boron 
trioxide (B,O;) with carbon in an electric furnace. The structure of 
boron carbride is somewhat peculiar, and consists of structural 
units of linear chains of three carbon atoms and the boron atoms 
in icosahedral groups of twelve, packed together in NaCl-like 
arrays. Such a structure explains its above properties, as well as its- 
appreciable electrical conductivity. $ 

dii) Interstitial or metallic carbides : These carbides are formed 
by the transition metals of Groups IVA, VA, and VIA of the 
Periodic Table. Of these metals, Ti, Zr, Hf, V, Nb, Ta, Mo and W 
form carbides of the composition MC, while V, Mo and W forms 
compounds M;C also (where M=the metal concerned). The carbon 
atoms in these carbides occupy octahedral holes in the cubical or 
hexagonal close-packed metal-lattices and consequently, the free 
electron structure and other characteristic properties of the pure 
metal are not fundamentally „affected. The insertion of carbon 
atoms in these rather stabilises the crystal-lattice. The important 
properties of these carbides, viz. the very high melting points 
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(3000°— 4800: С), great hardness (9— 10 in Moh’s scale) and superior 
electrical conductivity etc. thus find easy explanation from such 
Structures. Provided that the radius of the metal atoms is greater 
than about 1:3À, the carbon atoms can enter the metal-lattice with- 
out distorting it. The metals Cr, Mn, Fe, Co and Ni have atomic 
radii less than ]-3À. Hence, in the carbides of these metals (Ст,С,, 
Fe:C, Mn,C, Co,C and МС), the metal-lattice is distorted. „These 
carbides exhibit Properties which arë intermediate between ionic 


acids to form a mixture of hydrocarbons and hydrogen : Mn,C+ 
6H,0 =3Mn(OH).+CH,+H,. The structure of these carbides 


oms running through the distorted 


The interstitial carbides are generally prepared by the direct 
union of metal and carbon, or by the Teduction of the oxide of the 


metal by carbon at about 2200*C. Powdered carbides, thus obtained 
are compacted by suitable methods of powder metallurgy. Many 


interstitial carbides are used in high-speed cutting tools and as 
abrasive. 


» Movement of vehicles and also in factories. 


burnt for these purposes, are called fuel 


S. These always contain 
-carbon, and usually hydrogen as well. 


Fuels may be of organic or inorganic Origin. Organic fuels 
include wood, peat, lignite, bituminous coal and anthracite, char- ' 
coal, coke, dried cow-dung, industrial Bases, gobar gas (prepared 
from raw cow-dung), crude petroleum and its products, benzol, 
methanol, ethanol, natural gases erc. Inorganic fuels like sulphur, 
phosphorus, silion and aluminium are sometimes used in 
and industry. It may be seen from the above 
organic fuels named are natural raw material 
are manufactured from them. 


metallurgy 
list that many of the 
8, while some others 
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Fuels Solid Liquid Gaseous 


L Natural raw | Wood, Peat, Lignite, | Crude Petroleum. | Natural gases. 


materials. Bituminous coal, 
Anthracite. 
П. Processed or | Coke, Charcoal. Gasoline, diesel, | Coal-gas, water-gas, . 
manufactured kerosene, benzol, | producer gas, oil gas 
products. methanol, ethanol | etc. 


etc. 


———— 


Solid fuels are commonly used in domestic ovens, metallurgical 
furnaces, steam-ships and steam-engines. Liquid fuels are used to 
produce locomotive power in automobiles, aeroplanes, modern 
railway engines and ships. (kerosene is used in stoves and lamps). 
Gaseous fuels are used in industries. and also in laboratories and 
kitchens. 

Calorific value of faels: The quality of а fuel is judged by its calorific value, 
which is measured by the maximum amount of heat in B. Th. U. (British thermal 
unit) evolved by the complete combustion of 1 Ib. of the solid or the liquid fuel or 
] Cu-ft. of the gaseous fuel. [1 B. Th. U. ofheat is the quantity of heat that is 
required to raise the temperature of 1 lb. of water through 1*F.] Higher the 
calorific value of a fuel, better it is for practical purposes. The calorific value of 
bituminous coalis 14950 B. Th. U.; that of coal-gal is 560 B. Th. U. Another 
important consideration inthe use of a fuel is the highest temperature attainable 
in its combustion (Pyrometric effect). Gaseous fuels have highest pyrometric effect, 
as they burn completely with theoretical amount of air. 

Gaseous fuels: The use of gaseous fuels like the natural gases, 
coal-gas, producer gas. water-gas, oil gas efc. have the following 
advantages over the solid and liquid fuels: (i) they can be 
produced at the site of the use (except the natural gases) in many 
cases, so that the trouble of transport is much minimised ; (ii) their 
products of combustion are also gaseous and thus requires little 
effort for disposal ; (iii) they can be easily handled during opera- 
tion and the temperature of furnance can be effectively controlled 
by regulating the rate of their flow and combustion and (iv) they 
have high pyrometric effect. 

The natural gases.—These are obtained from petroleum-wells and 
consist of a mixture mainly methane and some other saturated 
gaseous hydrocarbons of low molecular weights, along with smal} 


amounts of He, №, СО, еіс. They are either directly transported 
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through pipe-lines to the actual place of use or are marketed in 
portable cylinders as liquefied petroleum gas (L. P. G.), after com- 
Pressing in small amounts of liquid petroleum, Gases obtained by 


the fermentation of sewage sludge or raw cow-dung (Gobar gas) 
are also being put into use as fuel. 


Carbonisation of coal.—The process of obtaining coke through 
destructive distillation of coal is known as the carbonisation.of coal 
The destructive distillation of coal not only gives coke, but it also ` 
produces a volatile fraction which consists of gases and liquids. 
The mixture of gases is commonly known as coal-gas, which is 


mainly used as a gaseous fuel, and the liquid distillate contains 
ammoniacal liquor and coal-tar. 


Among the different varieties of coal available in nature, generally the bituminous 
coal is used in the destructive distillation Process. Carbonisation is effected either 
at lower temperatures (600°—700°C) or. at higher temperatures (1200°—1490°C). 
The low temperature carbonisation of coal gives smaller amount of coal ‘gas 
(4000—6000 cu. ft./ton) оѓ" higher calorific value, while the high temperature 
carbonisation gives larger amount of coal gas (12000—15000 cu. ft./ton) of lower 
calorific value. The amount of coke produced is also hi: 


a | gher in the. former process, 
although it contains larger percentages of volatile matters. The amounts of 


coal tar and light oil are higher and that of ammonical li 


quor lower in the former 
process than those in the latter process. 


"The coke obtained in the low temperature 
carbonisation is called soft coke and it is general]: 


i ly used for domestic. purposes, Tt 
burns smoothly and without any smoke. The coke obtained through high tempera- 
ture carbonisation of coal is called hard coke. It forms smoke while burning, and 
is generally used in metallurgy. 

Coalgas: Coalgasis a mixture of mainly combustible pases, 
together with some nitrogen, carbon dioxide and oxygen (inert 
diluents) and some impurities like hydrogen sulphide). The com- 
position of coal gas is variable, depending upon the nature of the 
coal and the condition of i isati : У 

r ts carbonisation. An average composition 
of a representative sample may be as shown 


below : 

Hydrogen — 50% by volume 
Methane = 305» » | Combustible, heat-producing, 
Carbon monoxide — gu + ut non-illuminant gases, 
Ethylene, acetylene, benzene, } $49 0» 

naphthalene, ° : } Illuminants, 
Ns, Os, CO, = 0 $9 EROS i 
HS, HCN etc. -— Fa amounts, parca 


if present, } Tnpurities. 
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. Coal gas is manufactured by the high temperature carbonisaiion 
(1200°— 1400°С) or destructive distillation of bituminous coal. 
‘Small lumps of coal are distilled in a series of horizontal or vertical 
fire-clay retorts by the heat produced through burning of producer 
gas externally. The volalite products of distillation escape through 
a vertical iron ascension pipe fitted to the month of each retort, and 
these pipes lead to a long horizontal tube, half-filled with water, 
called the Aydraulic main. The ascension pipes deliver the gases under 
water, so that the hydraulic main serves as a water-seal between the 
retorts and the rest of the plant, and thus the retorts can be opend 
safely for re-charging. At the temperature prevailing in the 
hydraulic main, some portion of tar and ammonia present in the 
distillation products are separated here and the crude coal-gas then 
passes over through a series of iron-pipe condensers cooled by air. 
More tar and ammonical liquor are condensed here and are collected 
in the tar well (placed below the condensers) in two separate layers— 
the lower heavy layer of coal-tar and the upper lighter layer of 
ammonicalliquor. The mixture of gases is then sucked by an air- 
pump (not shown in the figure) to maintain its flow towards the gas- 


RESA) 
i 


ANNL | 


Coalgas manufacture 


holder and is allowed to pass successively through a tar-separator, a 
washer or scrubber, a purifier, and is finally stored in large gas-holders 
made of iron-sheets. The washer or the scrubber is a vertical iron- 
tank, packed with coke. A stream of water trickles down through the 
packing from above, and the gas-mixture Passes up the tank. Here 
the gas-mixture is freed from last traces of ammonia and tar. The 
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purifier is an iron-box, containing moist ferric oxide on its shelves. 
On passing through the purifier, the H;S contained in the gas-mixture 
is practically fully removed; 2Fe(OH),+ 3H,S=Fe,S,+ 6H,0. [Wher 
the ferric oxide is exhausted through absorption of Н,5, it can be 
revivified by exposing to moist air and used again: 2Fe.S,+30.+ 
6H,O=4Fe(OH),+6S. But, in such a Process, when the free- 
sulphur-content of ferric oxide éxceeds 50%, it becomes unsuitable 
as a purifier, and is then disposed of as the ‘spent oxide of iron’ 
for the manufacture of H,SO,.] Carbon disulphide, when present in 
appreciable amounts in the coal-gas, is remoyed by passing’ over 
finely divided nickel catalyst (heated at 400°C). Carbon disulphide 
feacts under this condition with the hydrogen present in coal-gas to 
form H,S, which is removed by moist ferric oxide or slaked lime: 
CS,+-2H,=C-+2H,S. Hydrocyanic acid, present in the coal-gas, 
is removed as sodium ferrocyanide by passing it through ferrous 
sulphate and caustic soda contained in a purifier : FeSO,+6HCN-+- 
6NaOH=Na,[Fe(CN),]-+Na,SO,-++6H.0. 
Coal-gas is colourless, with a peculiar bad smell and reducing 


properties. Its calorific value is about 560 B. Th. U.[Cu.ft. It is 
widely used in gas-burners in laboratories and as a domestic and 
industrial fuel, 

By-products_ o^ the coal-gas industry : 
number of useful by-products. These are: 
&as-carbon and spent oxide of iron, 

(1) Coke : The solid residue left in the retorts 
is coke, which is iargely used as domestic and ind 

(2) Coal-tar: This is the black, viscous liquid 
and the tar-we'l. Coal-tar is the source of a 


The coal-gas „industry produces a 
Coke, coal-tar, ammoniacal liquor 


drugs, explosives, 
wood-preseryative, 


and for water-proofing gunny bags ап Pitch, obtained as the 
» as 


residue of the distillation of coal-tar, is 
(3) Ammoniacal liquor : 
the. upper layer in the tar- 


d wrapping papers, 


electrodes. 


‘exothermic, produce much quan- 
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(5) Spent oxide ofiron: This is formed in the purifiers through 
the absorption of H,S by moist iron oxide and it cannot be revived 
any longer to be used again in the process. It contains free sulphur, 
along with Fe,S, and some cyanogen compounds. This is used 
for the production of SO, for the manufacture of H,SO, and 
also for the preparation of ferrocyanides. 


Producer Gas, . 


The producer gas (or the air-gas, as it is sometimes called), is a 
very useful industrial fuel. It is a mixture of mainly carbon monoxide 
and nitrogen, together. with small amounts of hydrogen, methane 
and carbon dioxide and is manufactured by passing air through 
incandescent coke at about 1000°C. The composition of. producer 
gas varies according to the condition of its preparation, and an 
average volume-composition of a representative sample may be as 
follows : Н,=6%, CHs=8%, CO.=4%, CO=20% and М,—62%. 

The gas is manufactured in a closed steel furnace, called the 
producer (Fig. 154), which is lined inside with fire-bricks. Heated 
coke are placed on iron-grating inside the producer and a blast of 
air is passed through the layers of 
coke from the bottom. Oxygen 
in the air oxidises coke into CO 
and CO, near the bottom. These 
oxidation reactions, being highly 


CLEANING 
tity of heat: 2C-+O,=2CO+58 "E~ 
Kcals. ; С+0,=<С0,+97 Kcals. 
The hot mixture of gases travels 
up the furnace, where CO, is re- 
duced by coke to CO at the higher 
temperature ( ~ 1000°С) prevailing 
there, the reaction being епдо- 
thermic: СО, + C = 2CO — 39 
Kcals. The bed of coke is maintained at high temperature, 
portion of CO increases with the increase of temperature. 
gases leave the furnace through the exit near its top and ‘is 


TAIR AND STEAMER AN 


Fig. 15-4 


as the pro- 
The hot 


ee di 
led to the furnace required to be heated by its ‘burning, [For ae : 
reason, producers are generally built near the site of the use of a 


4 
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gas.] The hot producer Basis burnt asafuel in furnaces by ad- 
mixing with it fresh quantites of air, when CO in it is oxidised to 
CO, and produce much heat. The air used in gas-producers during 
the manufacture of Producer gas is called the primary air, while 
that admixed with it for its burning 15 called the secondary air. Coke 
is charged in the Producers from the top by means of a hopper 
with cup-and-cone arrangement and the produced ash is withdrawn 
through the cleaning hole. r 
Producer gas is used as a fuel in many industrial furnaces (such as an ur 
glass-making, coal-gas manufacture efc). Its calorific value is about 
B.Th.U./Cu. ft. ^ 3 
Water-gas: Ап useful industrial fuel and the starting material 
of many important syntheses and large-scale production of hydro- 
gen, water-gas is mainly a mixture of almost equal volumes 
of hydrogen and carbon monoxide, admixed with small amounts 
of methane, carbon dioxide and nitrogen. It is manufactured in 
a way simialr to the preparation of producer gas, by blowing steam 
through incandescent coke at about 1000°C in a producer already 
described (Fig. 15:4). Steam Teacts with coke at the elevated 
temperature to form CO and Н, (water-gas reaction) : C+-H,O= 
CO--H;—39 Kcals. The reaction is hi 
in cooling of the hot coke-bed as it progresses. When the tempera- 


Proportion of 
€ decrease of 


producer gas, thus formed, js generally turned to waste.] Thus, 
the blowing of Steam and air alternates and water-gas is 
continuously formed. 

Water-gas is used as a fuel and a reducing agent in metallurgy. 
It is also the starting material for the Production of hydrogen and 
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methanol on a large scale. It burns with a pale blue flame and has 
a calorific value of 300 B. Th. U./Cu. ft. 


Semi-water gas: A mixture of water gas and producer gas in known as semi- 
water gas. Its average volume-composition is: CO=30%, Н,=12%, CH,—396, 
CO,=2% and М,=53%. It is manufactured by continuously blowing a mixture. of 
steam and air through a bed of incandenscent coke in a gas-producer. The amount 
of steam and airin the mixture is so adjusted that the heat of the coke-bed lost by 
the endothermic water-gas reaction is just balanced by the exothermic producer gas 
reaction. ; 

Semi-water gas is used asthe source of Ма and На for the synthesis of ammonia 
by Habers process. It is also used as a fuel, having a calorific value of 180 
B.Th:U./Cu. ft. 

Carburetted water-gas: Water-gas alone burns with a blue non-limunitious 
flame and it has no illuminating power. To make it useful for illuminating purposes, 
it is mixed with various hydrocarbons, partly unsaturated, obtained from cracked 
oil-gas, and the mixture is known as carburetted (enriched) water gas. It is manu- 
factured by passing water-gas from the gas-producer successively through two 
towers packed with chequer-brickworks (fig. 15:5). The'first tower is called the 
carburetter and the second is called the superheater. These are first heated to 
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Fig. 15°5 

redness by burning producer gas, In the carburetter, a spray of mineral oil is 
injected from the top. The mixture of water-gas and vaporised oil then passes 
through the red-hot packing of the superheater, where the oil-vapours are thermally 
decomposed (or cracked), with the formation of permanent gases richin ethylene. 
The mixture of gases, passing -out of the superheater, is then purified by scrubbing 
in the purifler and collected. f 

Oil-gas: Mineral oils like petrol, kerosene erc. undergo thermal decomposition 
into a mixture of gaseous hydrocarbons, when they are allowed to fall dropwise on 
any red-hot surface of iron. This is generally ‘used in laboratory burners where 
coal-gas is not available. 
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SILICON 


Symbol: Si; Atomic number—14 ; Atomic weight — 28:09. 
Electronic configuration : 15° 2s? 259 35° 3p?, 


Occurrence: Silicon is second only to oxygen in its abundance 
in earth’s crust (28% by weight). It never occurs free in nature, 
"but in combination as silica or Silicates, the element is widely 
distributed in sand, rocks, clays and minerals. As the dioxide, 
SiO,, it occurs in sand, quartz, flint and agate. As silicate, it is 
the constituent of felspar (KAI Si;O,), kaolinite (Н,А1,51,0,), mica. 
[KH,A1,(SiO,)s], asbestos [Mg,Ca(SiO,),]. Clays are formed by 
the atmospheric weathering of felspar in the igneous rocks, р 

Silicon does not exhibit allotropy. It is known in only one 
crystalline octatedral form. Silicon is sometimes obtained as the 
so-called amorphous form, which is nothing but the aggregate of 
minute octahedral crystals similar to the large crystals of the , 
crystalline silicon just mentioned. 

Preparation : (1) Crystalline silicon 
light yellow) mass by heating a mixture of silica and finely divided 
coke or calcium carbide in an electric furnace. 

510, +20 -Si--2CO 1 ; SiO,+ CaC,— 
Relatively pure crystalline silicon can be obtained by the alumino- 
thérmic reduction of potassium fluosilicate. [It is essential that an 
excess of aluminium is employed, since this aets in the molten state 
as the solvent for silicon.] On cooling the mass, silicon crystallises. 
out from molten aluminium in the form of leaflets. The crystals 
are treated with НСІ to remove the adhering aluminium. 

SK;SIF,--4A1—38i-- 6KP-+4AIF,. 

(2) Amorphous silicon is 
perfectly dry mixture of finel 
(taken in a fireclay crucible) 


is prepared as a grey (or 


Si4- Ca--2CO +, 


prepared by heating to red-heat, a 
y ground silica and magnesium 
in an electric furnace. " 
SiO,+2Mg=Si+2Mg0. 
[To prevent too violent a reaction, the reacting Mixture is diluted 
with about 3th of its amount of MgO. An excess of magnesium 
should be avoided to prevent the formation of magnesium silicide.1 
The product, after cooling; is leached with dilute НСІ (to remove 
MgO) and is then heated with hydrofluoric acid to remove any 
EN 


powder 
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unchanged silica. Amorphous silicon is thus obtained as a brown 
powder. 

Amorphous silicon may also be prepared by passing vapours 
of silicon tetrachloride (SiCl,) over heated sodium or potassium, 
and washing the cooled mass with water to remove the alkali 
halides : SiC],+-4Na=Si+4NaCl. 

When amporphous silicon is dissolved in molten aluminium and 
the melt is allowed to crystallise, crystalline silicon results. 


Properties: Amorphous silicon is a light-brown to dark- . 
brown hygroscopic powder (sp. gr.—235), while crystalline 
silicon is light yellow: to brown octahedral crystals with metallic 
lustre (sp. gr.—2:5). The amorphous variety of silicon is more 
reactive than the crystalline variety. The element is definitely a 
non-metal, forming acidic oxide (SiO;), but having metallic lustre 
and metallic conductivity in the crystalline form. Amorphous 
silicon vigorously burns in air or oxygen, when heated, to form 
silicon dioxide ; but, crystalline silicon is unaffected when so.heated. 
Silicon is not soluble in, nor does it react with water at ordinary 
temperatures. But, red-hot silicon decomposes steam : Si+-2H,O= 
SiO,+2H,.- Silicon burns in fluorine spontaneously, and with 
chlorine at about 300°C, to form the corresponding tetrahalides : 
Si+2F,=SiF, ; SiJ-2Cl,—SiCl, These halides are readily hydrolysed 
by water to give hydrohalic acid and orthosilicic acid : SiCl,--4H,O0 
=4HCI+H,SiO,. Silicon is not acted upon by any single acid ; 
but, a mixture of nitric and hydrofiuoric acids dissolves it, with the 
fórmation of hydrofluosilicic acid:  Si--GHF—2H;-- ЊЕ. 
Silicon reacts very readily with caustic alkalis, even when these are 
very dilute, to form alkali silicates : Si+-2NaOH-+-H,O=Na,SiO,+ 
2H;. When fused with sodium carbonate, sodium silicate is formed, 
with the separation of carbon particles ' SiJ-Na,CO,—Na;$SiO;4- C. 
It combines with many metals, when heated at high temperatures 
in an electric furnace in absence of air, to form metal silicides : 
2Mg+Si=Mg.Si. [Magnesium silicide produces a mixture of silicon 
hydrides, e.g. silicomethane (SiH,), silicoethane (Si,H,) etc., when 
treated with НСІ in, absence of air : Mg,Si+4HCl=2MgCl,+ SIH,.] 

Uses: Silicon is used in preparing acid-resisting steel, bronzes, 
ferro-silicon efc. It is also used as a semiconductor in transistors. 
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Compounds of silicon. 


ides: Sili rides are commonly called the 
pre ТОЕ canons Би analogous to those of the 
Es wd bon C,H,,,; But, although the paraffins are 
РЕ Е in number, only afew silanes exist due to the 
peaciically Aem ofthe 51—51 bond. The disposition of the bonds 
eid Ir sicca atoms in silanes is tetrahedral. 
M mixture of silanes is obtained by hydrolysing magnesium 
ilicide (prepared by heating a mixture of Powdered silicon and 
A sium in absence of air) with sulphuric acid or phosphoric 
EISE and co-workers, 1916). The mixture contains Six silanes 
pi the approximate proportions : 40% SiH, (mono-silane), 30% 
'Si;H, (di-silane), 15% Si,H, (tri-silane), 10% Si, Hi (tetra-silane) and 
5% SisHi, (penta-silane) and Si,H,, (hexa-silane), together with 
traces of higher silanes. The products can be separated by fractional 
distillation. i 


Monosilane is best Prepared in the pure state by the action of 
lithium aluminium hydride on silicon tetrachloride in ether solution : 
LiAIH, + SiCl,=SiH,+LiCl+ AICI,. Disilane is analogously prepared 
from Si,Cl,. > 

2Si,Cl,+-3LiAIH,=3LiCl+ 3AICI;-- Si);H,. 

Allthe silanes are colourle: 
gases, while the other silanes 
increase Steadily with the increas 


» and it decreases with the increasing 

osure to ultra-violet light. Silanes 
or acidulated water, but they are readily 
hydrolysed by traces of alkali (even that-is Provided by glass vessels) 
to produce sodium silicate and hydrogen : 

SIB-E2N20H-FH,O —Na,Sio, +4н, ; S&H, +4Na0H+2H,0 
=2Ма,510,+7Н,. 
to copper silicide, and Si 

20uS0,-+SiH,=Cu,Si-+2H,50, ЗАВМО SiH, 

: ^ —4Ag-FSi--4HNO;. 
They react explosively with halogens еуеп at the room temperature. 
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Unlike the paraffin hydrocarbons, the silanes react with hydrogen 
chloride or bromide at 100°C in the presence of the corresponding 
aluminium halide (catalyst), when successive replacement of 
hydrogens by halogens takes place, and products like SiH,X, SiH, X, 
(X=Cl or Br) etc. are formed: SiH,+HCl=S:H,Cl+H; ; SiH,CI 
+ HCl=SiH,Cl,+H, etc. Many important. alkyl- and aryl-silanes 
are also known. 

Silicon dioxide or Silica (SiO;): Silicon dioxide occurs 
abundantly in nature asa crystalline solid in theform of quartz, 
sand etc., and itis the principal constituent of all silicate minerals 
and rocks. It also occurs in small quantities in plants and animals. 

Unlike the carbon atom, silicon cannot form double bonds, and 
as such, SiO, cannot exist as a discrete molecule like CO,, but forms 
giant molecules of an infinite three-dimensional 
structure (fig. 15:6). [This explains why CO, 
isa gas, while SiO, is a high-melting solid.] | | | 
Crystalline silica exists in three different forms, —51—0—51—0—51— 


| | 
-fi-o-fi-o-&- 


viz. quartz, tridimyte and crystobalite. In all 5 b b 
these forms, each silicon atom is tetrahedrally |, o 4 o-4i— 
surrounded by, and bound to four oxygen | | 

atoms through single bonds (the 5—0 bonds Fig. 15:6 


being considerably ionic in character) and each oxygen atom is 
common to two tetrahedra. Each of these three forms has a low- 
temperature and a high-temperature modifications. 


*—— — — High-temperature modifications ——————» 


870°C 1470°C 710°C manage 
B-Quartz === p-Tridymite === g-Crystobalite == Liquid silica 
snl 120— 160°C | 200—275*C 
*-Quartz «-Tridymite «-Crystobalite 


*4— — — low-temperature modifications——  —  —5- 


The structural arrangement in quartz and tridymite is helical, 
and since a helix may be either left-handed or right-handed, these 
two crystalline forms exhibit optical isomerism. 

Of all the crystalline forms of silica, quartz isthe most stable 
(others are metastable at ordinary temperatures). Itisa colourless 
and hard substance (sp. gr.—2:65). Many varieties of quartz 
occur naturally in beautiful colours due to the presence of small 
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quantities of impurities. These are used as gem-stones like jasper 
(red), amethyst (purple), opal (white) and agate. 


Silica can also be prepared in the amorphous form by hydrolys- 
ing silicon tetrachloride to gelatinous silicic acid (or hydrous silica) 
and then drying and igniting the product. This can also be obtained 
by the addition of mineral acids to solution of alkali metal silicates 
(obtained by fusing silica or a silicate mineral with Na,CO;, and 
extracting the cooled melt with water) and then processing the 
precipitated hydrous silica as above: SiO, + Na,CO; — Na;SiO, + 
СО, ; Na,SiO44-2HCI — H,SiO; -2NaCl ; H;Si0,—SiO.-- H,O. 
Amorphous silica forms fine white powder. 


Slow cooling of molten silica, or heating any form of silica to 
the softening temperature gives a vitreous, 


glassy mass which is 
amorphous. 


Silica, in any form, is rather unreact 
towards hydrogen, chlorine, bromine, most acids and metals. It és 
also insoluble in water. Silica is, however, attacked by fluorine, 
hydrofluoric acid and alkalis. With HF, silica readily forms volatile 
silicon tetrafiuoride which is hydrolysed by water to silicic acid : 
SiO, +4HF=SiF,+2H,0 ; SiF,+4H,0=4HF-+ Si(OH), (or, 
510,.2Н,0). [This reaction is used to detect silica or a silicate.] 
Оп heating silica with alkalis, silicates are formed : SiO; 4-2NaOH 

=Na;Si0,+-H,0. [This reaction indicates that. SiO, is an acidic 
oxide.] Carbonates of alkali and alkaline earth 
with silica, when heated, to form the corre: 


with the liberation of carbon dioxide : CaCO, +Si0,=CaSi0,+Co,,. 
At elevated temperatures, silica is reduced by carbon to silicon 
carbide, which decomposes at above 3000°C to form silicon and 
graphite : Si0,+3C=SiC+2C0 ; SiC=Si+c¢c (graphite). When an 
intimate mixture of SiO, and coke is heated to White-heat ina 
current of chlorine gas, silicon tetrachloride is formed : -SiO T2C4- 
2Ch—SiCh-d-2CO. -As silica is non-volatile, it displaces the 
anhydride of much s 


tronger sulphuric acid from i i 
temperatures : NaSO, -8:0,=1а,5 0,450, pin Rice 


ive at ordinary temperatures 


metals also react 
sponding metal Silicates, 


t in a On adding mineral acids to g concentrated solution of sodium 
cate, a jelly of colloidal Silicic acid (or hydrous Silica) is obtained ing this 
gelatinous mass at 300°С under vacuum, Rasen Ed 


а Вага, transparent material is obtained. 
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This is disintegrated, washed with water and dried. The dried granules still contains 
about 5-6% moisture, and is known as silica gel (510,.лН,О). 

Silica gel is used as a drying agent (for moisture), a decolorizing agent and as an 
absorbent. It is also used in petroleum industry for removing sulphur-compounds 
and also as a catalyst or a support for other catalysts. 

Quartz glass or Silica glass: When sand or quartz is headed in an electric 
furnace (ог in oxy-hydrogen flame) above 1710°C, it melts into a viscous, transpa- 
rent, glassy mass, which solidifies to a glass-like mass on cooling. It is malleable and 
can be transformed into any desired shape, This is called quartz glass or silica glass. 
It has a sp. gr. of 2:2 and possesses certain properties which are much superior to 
those of ordinary glass. Thus, they are infusible upto 1000°C (ordinary glass melts 
at 500°—600°C), has a very low coefficient of thermal expansion, so that the hot 
articles made of them do not crack (like ordinary glass) when quenched in water ; 
it is transparent to visible light, infra-red and ultra-violet radiations (ordinary glass 
is opaque to ultra-violet radiations) ; it is free from alkali and is not attacked by 
acids (except HF). For these qualities, silica glass is much usedfor the preparation 
of crucibles, basins, combustion tubes, threads and many other laboratory apparatus, 
lenses, prisms etc. Translucent silica glass is known as vitreosil. 

Uses of Silica : Sand is used in the manufacture of glass, porcelain and for : 
making sand-paper and mortar. Silica glass is used for making laboratory appa- 
ratus, combustion tubes, silica threads, lens, prisms etc. Silica gel is used as a 
drying agent, absorbent efc. Silica bricks are used as furnace-lining. Sandstone is 
used as a building material, 


Silicon Halides: Silicon dihalides are not formed. Silicon 
tetrahalides, SiX,, (X=F, Cl, Br, I) are well-known, and they are all 
tetrahédral and covalent compounds. Catenated halides (having 
Si-Si bonds in the molecules) of the composition Si,X, are formed 
by F», Cl, Br; and I, ; but with Cle, higher homologues upto SigCly, 
have also been isolated. Besides, a number of mixed halides like 
SIF, SiCI;Br,, SiFCl,Br (except SiFCIBrI, which is the interesting 
ultimate product) and some oxy-halides of the composition 
CI; SiO(SICIO), SiCl; (n= ~4) have been prepared. 

Silicon tetrafluorde (SiF ,) is generally prepared by heating barium 
silicofluoride (BaSiF,) alone, or a mixture of metallic fluoride, silica 
and conc. sulphuric acid : BaSiF,=BaF,+SiF,; 2CaF,+SiO,+- 
2H,SO,=2CaSO,+SiF,+2H,O. In the latter case, the evolved gas 
is passed through dry sodium fluoride to remove HF, and then 
collected over mercury. 


It is a colourless, fuming and non-combustible gas. It does not 
support the combustion of a burning taper ; but, heated sodium 


) 


58 CHEMISTRY 


and potassium burn in the gas : . 2SiF,+4K=K,SiF,+2KF+Si. It 
reacts with the oxides of calcium and barium to form silica and the 
fluoride of the corresponding metal: 2Ca0-tFSiF,— SiO; 4-2CaF;. 
It is rapidly hydrolysed by water to give silicic acid : SiF,+4H,0= 
“Si(OH),+4KF. [А secondary reaction between the unchanged 
SiF, and the HF generated, produces hydrofluosilicic acid : SiF,+ 
2HF=H,SiF,.] Analogously, the hydrolysis by alkalis produces 
silicate, fluoride and water : SiF,--8 OH-=Si0,-+4F-+-4H,0. 
Silicon tetrachloride (SiCl,) is obtained as a colourless fuming 
liquid by passing dry Cl, over heated amorphous silicon, or better 
over an intimate mixture of silica and powdered coke, strongly 
heated in a porcelain tube: Si--2Cl,—SiCl, ; 510, +2C+2Cl,= 
SiCl--2CO. Silicon tetrachloride vapours are condensed in a 
freezing mixture and the resultant liquid is distilled over mercury 
to remove excess chlorine, and then stored in sealed tubes. 


Silicon tetrachloride ‘is a colourless, fuming liquid (b.p.—58*C). 
It is readily hydrolysed by water: SiCl,4-2H,0 — Si(OH),-- 4HCI. 


Together with ammonia, silicon tetrachloride is used to produce 
smoke-screen in war. 


Silicon tetrabromide (SiBr,) is a liquid (m.p. 52°C; b.p. 153°C) which is 
formed by heating amorphous silicon in bromine-vapours. Silicon tetraiodide (Sil) 
is a solid, and is similarly obtained on heating silicon in vapours of iodine. 

Disilicon hexachloride (БАС) is for; 
silicon is heated in a stream of dry Cl, 
liquid by fractionation. The reaction 


med along with SiIC, and Si,Cl, when 
and is separated as a colourless, fuming 
between 51,1, and Cl, also gives Si,Cl,. The 
vapours of the hexachloride ignites on heating in air. It is hydrolysed by water to 
form  silico-oxalic acid: ShCh--4H,O-(SiOOH).--6HCl. The product is 
decomposed into sodium silicate and hydrogen, on treatment with alkali: (SiOOH), 
+4NaOH=2Na,Si0,+2H,0+H,. j 

Halogeno-silanes: The replacement of 


silane by halogens gives halogeno-silanes, and they are analogous 
to the corresponding halogen-derivatives of hydrocarbons. Among 
the halogeno-silanes, the most important is SiHF;, ЅІНСІ,, SiHBr; 
and SiHI;, which are commonly known as Silico-fluo: 
chloroform, silico-bromoform and silico 


hydrogen atom(s) of a 


roform, silico- 
-iodoform respectively. 
Silico-chloroform (SiHCh) is obtained as а colourless, fuming 


liquid (b.p.=35°C), on passing dry hydrogen chloride gas over 
silicon, heated to` dull red heat: Si+3HCIl=SiHCl,+H,. The ` 
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vapours are condensed into a liquid by a freezing mixture and the 
liquid is fractionated to separate SiHCl, from SiCl, which is also 
formed during the reaction. It is a highly inflammable liquid 
which burns with a green-edged flame to form white fumes of finely 
divided silica. It decomposes at about 800°C to give silicon, silicon 
tetrachlonide and hydrogen: 4SiHCl,—Si-4-3SiCl,4-2H,. Silico- 
chloroform is much more reactive than chloroform, and is readily 
hydrolysed by water to form ortho-silicoformic acid [SiH(OH);], 
which, being unstable, readily loses water to form the anhydride of 
silico-formic acid (510) : 


SiHCI, -3H;0 —SiH(OH); 1- 3HCI ; 
о о 
t “о A4 à 
2SiH(OH), = 1) Si—- O—Si азан, 


Silicofluoroform (SIHF;) is a combustible gas, and is obtained by the action of 
stannic fluoride on silico-chloroform : 4SiHCI, +3SnF,=4SiHF;+3SnCk. 

Silicobromoform (SiHBr;), a liquid boiling at 110°C, and silicoiodoform (SiHI;), 
ared liquid boiling at 220°C are prepared by heating silicon in НВг and НІ. Their 
reactions are similar to those of silico-chloroform. 


Hydrofluosilicic acid or fluosilicic acid (H;SiF,): Although the 
pure, anhydrous H,SiF, cannot be prepared, an aqueous solution 
ofthe acid 15 made by passing SiF, into water: 3SiF,+4H,O= 
Si(OH),+2H,SiF,. The gelatinous precipitate of silicic acid is 
filtered off. It is prepared on a large scale by dissolving silica 
in aqueous hydrofluoric acid: SiO,+6HF=H,SiF,+2H,0. It is 
also obtained as a by-product in the manufacture of superphosphate 
of lime. 

Hydrofluosilicic acid is a strong acid (as strong as H,SO,) and can 
be titrated with caustic alkalis. The concentrated aqueous solution 
of the acid isa fuming, colourless liquid which decomposes into 
SiF, and HF on heating. Pure H;SiF, does not corrode glass ; but, 
on evaporation, the acid partially decomposes to give hydrofluoric 
acid which corrodes glass. It reacts with alkalis to form alkali 
fluosilicates or silicofluorides which are decomposed by excess of 
alkali into alkali fluoride, silica and water: H;SiF,--2NaOH— 
Na,SiF,-+2H,O ; Na;SiF,--4NaOH—6NaF-4-SiO,--2H,O. Of the 
many known metal-fluosilicates, the majority are extremely soluble 
in water, notable exceptions being those of the alkali metals, barium, 
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yittrium and the lanthanides. The fluosilicates are decomposed on 
beating or on treatment with conc. Sulphuric acid: Na;SiF,—SiF, 
+2NaF ; Na,SiF, + H:SO,—Na,SO,+ SiF,+2HF. 


Fluosilicates are useful as insecticides. Magnesium luosilicate 


SiCl+CHsMgCl+CH, SiCI, 1 Mc], 8 


CHa SiCly+CHsMgCl-+(CH,),SiCh+ MgCI,. 
or by the direct chlorination of silicon by alkyl chlorides is presence of copper 
catalyst, Cu 
Й ! Si+2CH,Cl— +(CH,),sici,, 
The hydrolysis of dialkyldi 


chlorosilanes forms s; 


ilanols as intermedtates, which 
condense subsequently to give the polymeric products, 


R 
| _ но | 
FG wey О6 
R R 
R R R R 
1 онно онно 1 o. 
но i—OH +HO— Ra о 
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Since ап active OH 


Broup is left at each end of the chain, 
continues and the chain inc 


Teases in length, 
i R R R 
| | | 
7Si-0-si-0-si-o-sl.o— etc. 
| | 


Polymerisation 


R-si—o-si-r 
d 4 
| -l 
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By controlled mixing of the reactants, the hydrolysis produces any desired type’ 
of the above polymers. The extent of cross-linking and the nature of the R group 
determine the properties of the polymers. Materials ranging from oils (which 
remain fluid at very low temperature) to rubber-like solids are known for straight- 
chain polymers of two to several thousand units, their boiling points and viscosity 
increasing with the chain length. Mest of the polymers are water-repellant, heat- 
stable, have high dielectric constants and resistant to oxidation and attack by 
many organic reagents. On strong heating (~ 400°C) in air, silicones with straight 
chains are rapidly oxidised and cross-links are formed, with the result that the 
polymers become brittle, and crack to produce materials of low molecular weight or 
those with cyclic structures. On strong heating in absence of air, silicones soften and 
form volatile products, but oxidation and cross-linking do not take place. 


Silicones are used as water-proofing and anti-foaming agents, as lubricants and 
polishes, in cosmetics etc, Silcone rubbers are useful since they retain their elasticity 
from —90°C to +250°С and because of their good electrical :insulating property. 
Silicone resins are used in paints and varnishes. 


Silicic acids and Silicates. 

Two principal silicic acids are known. These are (i) Orthosilicic 
acid (H,SiO,) and metasilicic acid (H,SiO,). 

(i) Orthosilicic acid is formed as a white gelatinous precipitate 
on passing silicon tetrafluoride or tetrachloride vapours into water : 
SiF,+4H,O=H,SiO,+4HF. The precipitate is filtered, washed 
successively with water and ether, and dried by pressing between 
folds of blotting paper, when amporphous white powder of Hj;SiO, 
is obtained. 

Orthosilicic acid behaves as an extremely weak tetrabasic acid 
and forms metal salts (otthosilicates) which contain discrete SiO, 
$roups. The electronegativity difference between О and Si (3:5— 
1'8=1-7) suggests that the SiO bonds in 510,“ are covalent with 
large ionic character. The radius-ratio Si** : O? being 0:29, Si in 
SiO,“ is 4-coordinate and tetrahedral, which also follows from the 
hybridization of the orbitals used in bonding, as shown below : 


1s. 


M 2s 2p 3s 3p 
f (exited tate) Ч] Li] [HINT] | | ] | il | | | 


4 unpaired electrons form four sp? hydrid bonds (tetrahedral), 


Esters of orthosilicic acid with alcohols and phenols are also 
known. Methyl and ethyl esters of orthosilicic acid, (СН,), SiO, 
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yittrium and the lanthanides. The fluosilicates are decomposed on 
heating or on treatment with conc. sulphuric acid: Na, SiF, =SiF, 
+2NaF ; Na,SiF,--H.SO,=Na,SO,+SiF,+2HF. 

Fluosilicates are useful as insecticides. Magnesium ‘luosilicate 
solution is used to harden and polish concrete surfaces. Many 
heavy metal fluosilicates are used in the electrodeposition of the 
metals (e.g. lead). Hydrofluosilicic acid is used as a reagent for the 
detection and estimation of potassium. 

Silicones: The silicones are polymeric organo-silicon compounds, containing 
51—0 —51 linkages, and are built up of alkyl- ог aryl-substituted siloxane groups. 
The starting materials for the manufacture of silicones are alkyl or aryl substituted 
chlorosilanes which are prepared by the Grignard reaction. 

SiCl,-- CH;MgCI- CH;.SiCI,- MgCl, ; 
CH;.SiCl,-- CHMgCI- (CH;)SiCl,4- MgCls, 
or by the direct chlorination of silicon by alkyl chlorides is presence of copper 


catalyst, Cu 
Si+-2CH,;CI——->-(CH;), SiC]. 


The hydrolysis of dialkyldichlorosilanes forms silanols as intermedtates, which 
condense subsequently to give the polymeric products. 


R 
| но | 
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no-di-onno-3-onano-li-o-sl on 
1 H k d 


Since an active OH group is left at each end of the chain, polymerisation 
continues and the chain increases in length. 
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The hydrolysis of alkyl trichlorosilane (RSiCl;) gi 
gives very co -li 
polymers of the type, рае пава 
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By controlled mixing of the reactants, the hydrolysis produces any desired type” 
of the above polymers. The extent of cross-linking and the nature of the R group 
determine the properties of the polymers. Materials ranging from oils (which 
remain fluid at very low temperature) to rubber-like solids are known for straight- 
chain polymers of two to several thousand units, their boiling points and viscosity 
increasing with the chain length. Mest of the polymers are water-repellant, heat- 
stable, have high dielectric constants and resistant to oxidation and attack by 
many organic reagents. On strong heating (~ 400°C) in air, silicones with straight 
chains are rapidly oxidised and cross-links are formed, with the result that the 
polymers become brittle, and crack to produce materials of low molecular weight or 
those with cyclic structures. On strong heating in absence of air, silicones soften and 
form volatile products, but oxidation and cross-linking do not take place. 

Silicones are used as water-proofing and anti-foaming agents, as lubricants and 
polishes, in cosmetics etc, Silcone rubbers are useful since they retain their elasticity 
from —90°C to +4250°C and because of their good electrical :insulating property. 
Silicone resins are used in paints and varnishes. 


Silicic acids and Silicates. 

Two principal silicic acids are known. These are (i) Orthosilicic 
acid (H,SiO,) and metasilicic acid (H,SiO;). 

(i) Orthosilicic acid is formed as a white gelatinous precipitate 
on passing silicon tetrafluoride or tetrachloride vapours into water : 
SiF,+4H,O=H,SiO,+4HF. The precipitate is filtered, washed 
successively with water and ether, and dried by pressing between 
folds of blotting paper, when amporphous white powder of НО, 
is obtained. 

Orthosilicic acid behaves as an extremely weak (cibis acid 
and forms metal salts (otthosilicates) which contain discrete SiO, 
groups. The electronegativity difference between О and Si (3'5— 
1:8—1-7) suggests that the SiO bonds in 510,4- are covalent with 
large ionic character. The radius-ratio Si** : O? being 029, Si in 
SiO," is 4-coordinate and tetrahedral, which also follows from the 
hybridization of the orbitals used in bonding, as shown below : 


: 1s. 2s 2 35 ЕЈ 
ә ningun Lu GE 


4 unpaired electrons form four sp? hydrid bonds (tetrahedral). 


Esters of orthosilicic acid with alcohols and phenols are also 
known. Methyl and ethyl esters of orthosilicic acid, (CH;), SiO, 
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and (C,H,),SiO, respectively, are prepared by the reaction between 
2115, : 
SiCl, and dry CH,OH and C;H,OH. 


(i) Metasilicic acid is prepared by adding Ws fl n 
í trated solution of sodium silicate, and dehy lrating 
ЕН latinous precipitate with 90% alcohol: Na,SiO,--2HCI 
E so? It forms white amorphous powder and is a very 
ea Ku. Oa dot successively metasilicic acid (H:SiO,), 
disilicic acid (H,Si.Os) and trisilicic acid E Ју { у М 

Metal silicates аге obtained by melting silica with basic oxides. 

Its of acids, which are volatilised on heating, can also be used 
he fibasic oxides. Under such conditions, silica unites with 
P PE d ortions of the oxides to form well-defined salts (silicates). 
а de meta silicates are produced by the union of silica and 
s etal oxide in the proportions shown by the following 
оов омо iud SiO;-- MI,O — MLSiO, 

orthosilicate metasilicate. 

Silicates containing 2, 3 etc. molecular proportions of SiO, per М!,0 are called 
disilicate; trisilicate etc. They are sometimes called, in general, polysilicates. 

The alkali-metal silicates are soluble in water, the aqueous solutions being 
strongly alkaline due to hydrolysis n ПАО, АЦО КАЗАО, 4. 2NaOH. | Some 
metallic silicates, which are insoluble in water, dissolve in strong acids, with the 
separation of gelatinous silica. Many silicates, however, are not decomposed even 
by strong acids (other than HF, which attacks them and forms SiF,), But, the 
insoluble silicates may be decomposed by fusing with alkali carbonates : MgSiO, + 
„Ма СОг = МЕСО, + Na,SiO,. 

Silicates occur in. many important mi 
clase), KAISi,O; ; Kaolin (china clay), 
KHMg,Al.(SiO,), and KH,AL(SIO,), 
Tale (Soap. stone), H,Mg; 
Ca;Al,(SiO,), etc. 
used as іп«ійе- 


nerals like felspar (ortho- 
H,AL(SiO,),. 29,0 ; Mica, 
; Asbestos, Mg;Ca(SiO)), ; 
(SiO), ; Beryl, Be,Al, (SiO); Garnet, 
Silicates of zinc, beryllium and cadmium are 
coating of fluorescent lights. 

Sodium silicate (Na,SiO,) is prepared by melting pure sand and 
sodium carbonate, or by the reaction of freshly Precipitated hydrated 
silica with the calculated a 


4 2 Mount of caustic soda : SiO,-+Na,CO,= 
Na,SiO,+CoO, ; SiO, +2NaOH = Ма,5 0, +Н,0. [On a commercial 
scale, sodium silicate is 


Prepared by melting sand with sodium 
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sulphate and coke.] The product solidifies from the melt (m.p.= 
1088°C) апа the solid mass is broken into lumps. It is generally 
grey or greenish in colour due the presence of traces of iron as 


_impurity. Sodium silicate is commonly sold in the market in the 


form of thick aqueous solution (water glass) which is prepared by 
treating the solid with steam, or heating it with water under pressure 
in an autoclave. Sodium silicate crystallises as a hydrate from 
aqueous solution. Hydrated sodium silicate comes into commerce 
under the name of alkasil. The aqueous solution of sodium silicate 
is alkaline due to hydrolysis. х 


The thick, transparent aqueous solution of sodium ог potassium 
silicate is commercially known as water glass. [Potassium silicate 
is prepared by melting sand and potash.] Water glass solutions are 
used for impregnating fabric during calico-printing, for sizing paper, 
for stiffening bandages for fractures of the bones, for preparing 
adhesives, for affixing labels to glass, for fire-proofing wood and 
textiles and for the preservation of eggs (4—10% solutions are used). 
Powdered water glass gel is used as a filler in soaps. 

Classification of silicates : A common way of classifying silicates 
is based on their structures which are often complex. This classi- 
fication depends on the manner in which the (SiO,)*- tetrahedra 
(Fig- 15-7) are linked together in the material. 

(i) Orthosilicates : These materials always contain discrete 
(SiO,)*~ tetrahedra arranged in parallel rows; and the associated 
metal ions lie within the inter- 


mediate holes. The oxygen 5104 “fon 
atoms form coordinate bonds = 0 
to the metal ions, and accord- O= 


ing to the coordination number iod. 


of the metal, various Structures 
become Possible. Thus, in Fig. 15-7 
224510, (Willemite) and Be,SiO, (Phenacite), the metal ions are 
tetrahedrally Surrounded by four oxygen atoms, whereas in 
Mg,SiO, (Forsterite) and 21510, (Zircon), the metal ions are 
surrounded by six and cight oxygen atoms respectively. 

(ii) Pyrosilicates : The simplest, although uncommon, condens- 
ed silicate ion is present in the Pyrosilicates such as Sc,(Si,O,), in 
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which two’ tetrahedral (SiO,)'- units are joined by showing one 
oxygen, producing the (Si,O;)* ions (fig. 15-8). 


1 


ou 


9 
ОР c 


Fig. 15-8 


Eon) Cyclic silicates: Sharing of two oxygens per tetrahedron 
gives rise to ring or cyclic structures of the silicates, and the 


5102“ ion 
-O 810127 ion 
Fig. 15-9 


condensed silicate ion produced has the general formula (SiO;), 2" 
n 


Minerals like beryl [ВезАЪ (Si,O,)] and wallostonite [Са,(510,)) 
have such cyclic structure, 


Gv) Chain silicates: Sharing of two ОБУ cack | 


= 


(Si 03) " "chain ^ | 
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tetrahedron may also result in simple chains of silicate ions having 
the formula (SiO;),?^-, as in spodumene [LiAl(SiO,),]. Double 
chains of formula (51,011)%-, where two simple chains are joined 
together by shared oxygens (some tetrahedra share two oxygens and 
others three) are also known. 


" én- 
(Si4011)n 
chain 


Fig. 15:11 


(v) Sheet silicates: When. three oxygens per tetrahedron are 
shared, an infinite two-dimensional sheets of formula.(Si,O;),?"- 
are formed, as in mica. The individual layers of these sheets are 


Fig. 15:12 
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held together by weak electrostatic attraction of the associated 
metal ions and hence, they cleave into thin sheets on slight 
deformation. | 


(vi) Three-dimensional silicates: When all the four oxygen 
atoms of a SiO, -tetrahedron are shared by other tetrahedra, a three- 
dimensional lattice is formed. The simplest example is silica (SiO;). 
Isomorphous replacement of Si by Al in the lattice is accompanied 
by the presence of additional metal ions to maintain electro- 
neutrality. Well-known examples of such three-dimensional silicates 
are zeolites, ultramarine etc. [See also chapter XIV]. 


Tests of Silica and silicates: When silica or a silicate is heated with a fluoride 
and conc. H;SO,, and the issuing gas is brought in contact with water, a white gelati- 
nous precipitate of silicic acid is formed. They are quantitatively estimated by. 
weighing as SiO, after digestion and repeated evaporation with acids, "ог by a 
determining the loss in weight after strongly heating with hydrofluoric acid in 
platinum crucible (i.e. by volatilizing Si as H,SiF,). 


Other compounds of silicon. 


Silicides : These are binary compounds of silicon.with the more electropositive 
elements (mainly metals) and are prepared either by melting the two components 
together or by reducing SiO; with excess of the metal concerned. Most of the metal 
silicides have metallic appearance and resemble inter-metallic compounds. Except the 
alkaline earth silicides and lithium silicide (the only alkali silicide known), the other 
silicides are stable towards water and dilute acid (the former silicides are decomposed 
by water and dil. acids). Majority of the silicides possess compositions which do not 
tally with the normal valence states of the components. Many silicides, e.g. those 
of Mg and Mn, are decomposed by acids to give silicon hydrides and hydrogen. 


Silicon carbide or carborundum (SiC): The substance is manufactured by 
heating a mixture of sand and crushed coke (along with some common salt 
and saw-dust) in an electric furnace at about 2000°C (Acheson Process: see 
page 14): SiO;--3C—SiC--2CO 4. [The temperature should not exceed 220°C 
as SiC decomposes above this temperature into silicon and graphite.] Pure AES 
carbide is a colourless solid (density=3-2), but the commercial variety is dark 
coloured due to impurities. It is almost as hard as diamond and has a crystal 
structure similar to that of the latter. It is extremely resistant to chemical attack 
even at high temperatures. [It is, however, decomposed by molt 


T 5 do €n caustic alkalis 
in presence of air and is completely oxidised by red-hot dichormate : SiC+-4KOH 


+-20,=K3SiOs+KsCO,+2H,0,] Silicon 


and also for making refractory bricks. [See also page 43 of this Уој] 


Silicon sulphide (SiS;) is obtained by melting amorphous Silicon with а three- 
fold excess of sulphur. The product is purified by sublimation under reduced 
pressure, when colourless, silky, feather-like crystals are formed. It is stable in 


*carbide is used as а valuable abrasive. 
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dryair, but is hydrolysed by water: SiS,--2H,0—SiO,4-2H,S. The crystals of 
SiS, have been found to be built up of infinite 


chain as shown below, in which 
each Si-atom is tetrahedrally surrounded by 4 S-atoms and each. S-atom is joined 
to 2 Si -atoms. 


Fig. 15:13 

Cationic silicon: The considerably high electronegative character 
ofsilicon debars it from existing as a stable catio 
‘Species containing cationic silicon do exist. The reaction of silicon 
tetrachloride with acetylacetone | (and probably with. other 
8-Ф ке опе5) in dry chloroform yields solid silicon tris-acetylacetone 
cation, in which 3 acetylacetone anions are combined with a 
hexacovalent, silicon to form an octahedral complex, [Si(acac);]*. 
A number of salts, such as chloride, chloroaurate ere. of the 
complex cation has been described. The compounds are optically 
active and the dextro and Јаеуо optical forms have been actually 
separated. [See fig. 7.19 at p. 305 ; Vol. I.] 


Glass. 


n, but complex 


Although considered earlier as a Super-cooled liquid, glass is now 
recognised as a completely vitrified (amorphous) solid which is a 
complex mixture of mainly alkali silicates (sodium and/or potassium 
silicate) and. calcium Silicate. It is generally obtained as a trans- 
parent material, either colourless or coloured, although translucent 


9r opaque glass. is also available. Glass is formed by melting silica 
(or quartz) with CaCO, and Sodium carbonate (or potassium 
carbonate). It has no fixed and definite stoichiometry, but may be 
denoted by the approximate composition, X,SiO,, YCO,, 6SiO,, 
where X=Na or K, Y=Ca. In some types of glass, a portion of 
SiO, may be substituted by B. 


Оз (borosilicate glass), and PbO, BaO, 
MgO, ZnO etc. may often be a 


; dded to prepare glass with some 
special properties, 
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Glass has found many useful applications due to some of its 
specialised properties. It is generally transparent (colourless or 
coloured) and becomes soft and plastic on heating to allow fabrica- 
tion of articles of desired size and shape by blowing and moulding, 
or it can be rolled into sheets of different thicknesses. The softened 
glass becomes hard solid on cooling, without crystallisation. It is 
quite heat-resistant. It is not attacked by acids (except HF), but 
is corroded only very slowly by alkalis. These qualities of glass 
make it very suitable for preparing laboratory wares and bottles. 
It is completely isotropic, i.e., it exhibits similar properties in 
all directions. Glass is a bad conductor of heat, which 
results in the cracking of glass articles due to abrupt changes of 
temperatures. 


According to its composition, glass is generally classified as 
follows : 


(i) Soft glass or Soda glass: This type of glass contains sodium 
silicate and calcium silicate, along with silica. It can be melted at 
a comparatively lower temperature than the other types of glass. 
It is generally used for making ordinary cheap bottles, tubes and 
other glass vessels, glass panes for windows etc. | 


(ii) Hard glass (Potash glass) or Bohemian glass : When sodium 
silicate in the composition of soft glass is replaced by potassium 
silicate, hard or Bohemian glass is obtained. This type of glass is: 
much harder and more resistant to chemical attack than the ordinary 
soft glass and melts at relatively higher temperatures. These qualities 
of this glass make it usefulfor fabricating chemical ap 


4 paratus and: 
combustion tubes. ) 


(iii) Flint glass or Lead glass: Replacement of calcium silicate 
of hard glass by lead silicate produces Flint glass or lead glass. 
This type of glass has low melting point and comparatively lower 
resistance towards chemical attack; but it has higher specific 
gravity and refractive index. [A particular variety of this glass 
containing larger amounts of lead silicate, is known as strass, whos? 
refractive index is as high as that of diamond.] Flint glass is large!) 
used in many optical instruments and in preparing decorativ? 
articles of cut glass. 
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(iv) Crown glass: This type of glass is generally used in optical 
instruments, and it contains larger proportions of P,O,, along with 
potassium silicate and barium silicate. г 

(у) Borosilicate glass: Certain varieties of glass contain some 
proportion of Al,O,, B,O,, ZnO and BaO, along with P,O;. These 
are grouped together as borosilicate glass and are sold under the 
commerical names Pyrex glass, Jena glass "еіс. These are more 
resistant to heat and chemical attack and are less fragile. Their 
low thermal expansion makes them particularly suitable for making 
glass apparatus and vessels. These are used for making apparatus 
like beakers, flasks etc. Borosilicate glass, containing CdO, CdF, 
and high proportions of lead, are generally used in radiation work 
a5 protective glass. 


Manufacture of glass: The raw materials required for the manufac- 
ture of glass are silica or quartz, calcium carbonate (in the form of 
chalk or marble) and calcined soda (or a mixture of sodium sulphate 
and powdered coke). For the preparation of potash glass (hard glass) 
and lead glass, sodium carbonate is replaced by K,CO,, and calcium 
carbonate is replaced (partly) by litharge (PbO) or white lead. Other 
additions like.B;O;, Al,O;, P,O; etc. are made in suitable amounts to 
obtain products of required Specifications. The mixture of necessary 
amounts of the ingredients is melted with varying amounts of 
cullet (crushed waste glass from rejected glass articles or their 
trimmings) in the hearth of a tank furnace made of firebricks and 
heated by producer gas. [The ingredients generally contain certain 
nr d (such as iron oxide), which impart some greenish tinge 
ee hee ; In order to remove this colour, KNO; or MnO, 
duum. E melt. The whole amount of the charge is not 
DIS ae ine furnace ata time for melting ; instead, a small 
IS 2e mixture is added to cullet and heated to melting. 

l melt is formed, further quantities of the mixture are added 
Pornon mise to the melt. The cullet helps in melting the mixture.] 
The heating is carried out in a regenerative method (to minimize 
the wastage of heat) by alternating the directions of flow of the 
incoming fuel and that of the exit of the waste gas, so that the 
incoming producer gas is pre-heated before burning.‘ The tempera- 
ture of the furnace rises to about 1400°C and the charge melts into 
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of copper and iron and also wolframite or ferrous tungstate, FeWO,. 
So, the preliminary concentration of the ore is necessary, which is 
effected by washing the finely crushed ore ina flow of water. The 
lighter paticles of earthy or siliceous matter are carried away by 
the flow of water and the heavier particles of SnO, settle down. 
The concentrated ore is roasted in a reverberatory furnace, when the 
sulphides and aresenides are oxidised into volatile SO, and As,O; 
which escape, and the copper and iron sulphides are converted into 
their oxides and sulphates. The roasted mass is first leached with 
water to remove the sulphates and then with dil. НСІ which removes 
most of the oxides. The residue left behind after the acid-treatment 
contains SnO,, along with some amount of the oxides of iron and 
tungsten. The dried residue is then subjected to electromagnetic 
separation (See vol. I, p. 365), when oxides of iron and tungsten are 
separated from SnO, which is about 75% pure and is known as 
black tin. Reduction of the enriched SnO, is then effected by mixing 
it-with powdered coke and heating in reverberatory furnace (or a 
blast furnace) at about 1200°С. Tin dioxide is reduced by coke to 
metallic tin which melts at the temperature of the furnace and 
forms a lower molten layer below the slag. The molten layer is 
removed and cast into ingots: Sn0,+2C=Sn+2CO. The slag is 
generally rich in tin and the metal is subsequently recoverd.from it. 
The crude metal obtained in the above Process is highly conta- 
minated with iron and, to a lesser extent, with other metals. It 
is purified by re-melting on the inclined hearth of a reverberatory 
furnace (liquation), when molten tin flows out, leaving behind 
relatively infusible iron. The molten mass is then *poled* with a 
billet of fresh green wood and vigorously stirred, when the other 
metals (along with some tin) are oxidised and collected as the 
oxide scum on the surface of the liquid metal and are removed. The 
metal obtained in this procedure is about 99% pure. Further 
purification may be made by electrolysis, using an acidified solution 
of stannous sulphate or fluosilicate, with impure tin blocks as anode 
and pure tin strips as cathode. 


\ 


Recovery of tin from the slag is effected either by melting it with limestone and 
coke in a reverberatory furnace, or by fusion with Scrap iron and coke : 
SnSiO;+Ca0+C=Sn+CaSi0,+C0 ; 
SnSiO,+Fe=Sn-+FeSiO, ; $n0,+2C=Sn+2c0. 
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Recovery of tia from tin-plated iron scraps: Much tin is recovered from 
scraps by electrolysis in caustic soda solution, where the scraps (in iron-wire basket) 
are made the anode. As tin is more readily acted upon than iron by chlorine gas 
de-tinning of tin-plated scraps by chlorination is also resorted to for its recovery from 
such scraps. 

Properties : A lustrous, soft and silver-white metal (m.p. 231°8°C, 
density—7:28), tin can be rolled out into very thin sheets (tin foils). 
When a tin rod or sheet is bent, a creaking noise arises due to the 
friction of the crystallites one upon the other, and this is known as 
the ‘cry of tin’. The metal has three crystalline modifications, with 
the following equilibrium transition temperatures : 

13:20 161°C 2318 Си 
«-Sn ===> f-Sn = у-ба === Liquid Sn. 
- *grey' ‘white’ 

«-Sn or grey in (density=5:75 at 20°C) is unstable above 13:2°C and is formed 
as a grey powder when white tin is cooled below the transition temperature. It has 
a diamond-type structure. Above 13:2°C, p-Sn or white tin exists, which 
is metallic in nature and contains distorted (tetragonal) close-packed arrangement 
of atoms in its crystals. Such an arrangement of:atoms in the crystal-lattice 
accounts for its greater density (7:31 at 20°C). Above 161°C, white tin changes to 
the y-Sn which is the rhombic modification and metallic in nature (density=9°56 
at 20°C). It is very brittle and breaks into pieces when dropped from a little height 
and can be easily powdered. In very cold countries, tin plates swell and fall into 
powder due to the transformation into grey tin, This phenomenon is often known 
as ‘plague of tin’. 

Tin is not affected by air or water at ordinary temperatures. 
But, at white heat, it is oxidised by air into tin dioxide. The 
vapours of the metal can be easily burned completely to the dioxide. 
Steam is decomposed by heated tin. It directly combines with 

. chlorine and bromine at ordinary temperature, and with iodine on 
gentle warming, to form the corresponding tetrahalides. It also 
combines with sulphur on heating. 

.Sn--O,— SnO, ; Sn--2H;0 (steam)=Sn0,+2H; ; 
_ Sn+2Cl,=SnCl, ; Sn+2S=Sns». 

Tin reacts with dilute acids very slowly, but it reacts readily with 

hot and concentrated НСІ or H,SO, : 
Sn+2HC!—SnCl,+H, ; 5а--28,50,—5850,+50» 26,0. 

Cold and dilute HNO, reacts with tin to form stannous nitrate 

and ammonium nitrate : 


4Sn+10HNO,=4Sn(NO,).-+-NH,NO,+3H0. 
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dehydrated to SnO, on strong heating: Sn(OH),=SnO,+2H,O. 
It is amphoteric in nature and dissolves in acids and alkalis to form 
stannic salts and alkali stannates respectively. It is partially 
dehydrated to form H;SnO; (4-metastannic acid) on drying over 
conc. H,SO,. 


Besides the so-called ortho-stannic acid (H;SnO,) and «-meta- 
stannic acid (H,SnO,), another stannic acid, known as PB-metastannic 
acid (commonly called metastannic acid, H,Sn,O14H,O), is also 
available. [All these stannic acids are actually hydrous SnO, with 
varying amounts of adsorbed water and the two me 
are often called the «-oxide-and the f-oxide respectively.] The «- 


nd bases, while the 8-variety 
ray studies have, however, shown 


Stannic fluoride or Tia tetrafluoride-(SaE,) is Prepared by gently heating tin 
tetrachloride (SnCl,) with an éxcess of anhydrous hydrofluoric acid, or by dissolving 
freshly prepared SnO; in hydrofluoric acid, І 


| t forms colourless Crystals (density— 
4°78) which dissolve in water with the evolution of a large amount of heat. Crystalline 
double fluorides or fluorostannates can readily be obtained Оп mixing solutions of 


SnF, and other metal fluorides (or ammonium fluoride) and Crystallising the mixture. 
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Stannic chloride or Tin tetrachloride (SnCh): The compound is 
prepared by passing a stream of dry chlorine gas over molten tin and 
purifying the product through distillation. It can also be prepared 
by heating a mixture of powdered tin and mercuric chloride, and 
condensing the volatile stannic chloride. It is manufactured chiefly 
by treating tin-plate scraps with chlorine gas. 


Stannic chloride is a colourless liquid (density=2°23 ; b.p.— 
114°C) which fumes in air due to hydrolysis by atmospheric moisture. 
It dissolves phosphorus, sulphur, iodine. arsenic triiodide, antimony 
triiodide and tin tetraiodide. The compound dissolves in water 
with considerable evolution of heat. Depending upon the condi- 
tions, several hydrates with 3, 5 or 8 molecules of water of crystallis- 
ation may be isolated from the aqueous solution. The penta- 
hydrate, SnCl,.5H;O, forms water soluble, white, opaque and deli- 
quescent crystals (m.p.=60°C). [This hydrate was earlier known as 
the butter of tin which is used as a mordant in dyeing. But; this 
nameis now obsolete.] The aqueous solution of tin tetrachloride 
undergoes slow and reversible hydrolysis, with the ultimate forma- 
tion of SnO, (see also page 75), which often remains in solution in 
a colloidal form : SnCl,--2H,0z58n0, 3-4HCI. The resultant HCl 
reacts to some extent with the undecomposed. SnCl, to form 
hexachlorostannic acid, H;[SnClj]. Hydrolysis of SnCl, is largely 
prevented by the addition of hydrochloric acid, and this is due, not 
only to the pushing of the reversible hydrolytic reaction backward, 
but also due to the formation of H;[SnCl;]. The hexachlorostannic 
acid can be isolated as the white, crystalline hexahydrate, Hs[SnCI,]. 
66,0, by passing HCl gas through а concentrated aqueous solution 
of SnCl, The crystalline salts of this acid, e.g. M;[SnCl,], where 
M=alkali metal ог NH,* ions, are obtained by the combination of 
alkali metal chlorides or NH,Cl respectively with SnCl,. Ammonium 
chlorostannate, (NH,):[SnCl,], generally known as the pink salt, 
forms colourless crystals, readily soluble in water, and it is used as 
a mordant in dyeing. Tin tetrachloride forms addition-compounds 
with many substances, such as NH,, PH, POCI;, NOCI, organic 
sulphides (R,S) and ethers (R0). 

Tin tetrachloride is used as a mordant in dyeing and for weighting silk. It is used 
as a catalyst in chlorination reactions and as a condensing agent in organic synthesis, 
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Stannic bromide or Tia tetrabromide (SnBr,) is prepared as a white crystalline 
mass (density—3:35 ; m.p.=33°C ; b.p.=203°C) by the direct union of metallic tin 
and bromine. Itis soluble in water, and the tetrahydrate, SnBr,4H;O, can be 
crystallised out from the aqueous solution. Hexabromostannic acid, Hy[SnBr,].8H,O 


aud its salts (bromostannates) are known. The hydrated acid forms colourless 
deliquescent fine crystals. 


Stannic iodide or Tin tétraiodide (SnL) is prepared by the action of iodine 
(dissolved in CS;) on tin. It is also formed by the action of KI on a concentrated 
solution of SnCl,. The substance forms yellow, highly refractive, 
(density—4:46 ; m.p. 146°C), readil 
hydrolysed in aqueous solution, Hexaiodostannic acid is not de 
some of its alkali-metal salts have been prepared. 


Stannic sulphide or Tin disul 
mixture of tin foil, sulphur po 
also precipitated on passing H,S Bas through a dil 
of Sn(IV) salts, or by the acidificati 
Sn-EANHCI—(NHQ,SnCI,--H, +2МН, > (NH), 
(NH SnCl,--2NH,CI ; H,[SnCl,]-- H,s— 
-F2HCI—SnS, 4-2NH,CI-1- Hs. ` When prepared by the dry method, 
Stannic sulphide forms golden yellow Scales, and is known as 
mosaic gold which is used for bronzing. Mosaic 
НС апа HNO, separately, but dissolves i 
alkali solutions. The Product o 


derately concentrated, warm hydro- 
chloric acid : SnS,--4HCI-SSnCI, 12H. s. It also dissolves readily 


in solutions of alkali sulphides or colourless and yellow ammonium 
sulphide: LNUHS anid (NES, respectively] to form thiostannates. 
Solutions of caustic alkalis dissolve SnS,, forming stannates and 
thiostannates. [It is, however, insoluble in ammonium carbonate 
solution.] All the above solutions give the yellow precipitate of 
515, on acidification : 

SnS,+NH,HS+NH,=(NH,), 8515, ; 

(NH) SnS,+ 2HCI—SnS,--2NH,C].1 H, s. 

3808, + 6NaOH —Na:SnO, +2Na,SnS,+-3H,0 A 

Na,Sn0;+2Na,SnS,+6HCI=38ns, + GNa C] +3H,0. 

[SnS, is not, however, precipitated by passing HS throu 
salt in presence of oxalic acid, because of the formation 
151(С.0,) (9,0)]*°, in solution. Separation of Sb and Sn j 
4lepends on such complex-formation.] 


gh a solution of stannic 
of stable Complex species, 
n the qualitative analysis 
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Stannic sulphate, [ Sn(SO;)..2H,O], can be prepared as colourless needles on 
crystallising a solution of freshly а о hydrated tin dioxide in dilute sulphuric 
acid. 

Stannous Compounds. 

Stannous oxide (SnO) and Stannous hydroxide [5п(ОН),] : When 
a solution of a stannous salt is treated with a solution of an alkali 
carbonate or with a.little alkali hydroxide solution, a sparingly 
soluble white precipitate is obtained. On careful drying, the 
product corresponds to the composition Sn(OH); the so-called 
stannous hydroxide, which is often represented as the hydrated 
stannous oxide, 2SnO,:2H,O. On standing in contact with alkali 
or with the solution from which it is precipitated, it is readily 
transformed into the dark coloured anhydrous stannous oxide, SnO 
(the conversion is accelerated at elevated temperatures). Anhydrous 
stannous oxide may be prepared by rubbing stannous chloride with 
a small excess of Na,CO; and heating the mixture оп a sand-bath 
with constant stirring, till the mass turns black. The cooled mass 
is then leached with water, when finely divided blue-black SnO is 
obtained. 

It may also be prepared by heating stannous oxalate in absence 
of air: SnC,0,=Sn0+CO+CO,. 

Stannous oxide is oxidised to SnO, on heating in air (the 
oxidation begins below 300°C). Both SnO and Sn(OH), are 
amphoteric in nature and dissolve in acids to form stannous : 
salts and in alkali solutions to form stannites (stannous hydroxide 
forms hydroxostannites in ada: SnO--2HCI-SnCl,--H;O ; ` 
Sn(OH),-.-2HCI—-SnCl--2H,O ; :SnO4-2NaOH-Na;$n0O,- но; 
Sn(OH), + 2NaOH = Na,Sn0, + 29,0 ; Sn(OH), + NaOH= 
Na[Sn(OH),]. A very strong solution of alkali reacts with SnO to 
form alkali stannate and spongy tin metal: 2SnO--2NaOH 
=Na,SnO,+Sn+H,0. Due to their relatively ready tendency to 
be transformed into the tetravalent tin compounds, stannous 
hydroxide and stannite solutions have strong reducing properties. 
Thus, a bismuth salt is reduced to metallic bismuth on treatment 
with an alkaline solution of stannite : 
2BINO s био ни SN SOL ар SNE GAO DONO H3H,O, 
Such reducing properties make them technically useful in vat-dyeing 


and dye-printing. 


80. CHEMISTRY 


[Stannous fluoride (SoF;) is prepared by evaporating SnO with hydrofluoric 
acid in absence of air. It forms colourless, water-soluble crystals. 

Stannous chloride (SnCl;) can be obtained in the anhydrous state 
by heating tin foils or granules in a current of dry hydrogen chloride 
gas. The hydrated salt, SnCl,2H,O is prepared by dissolving 
metallic tin in conc. hydrochloric acid, followed by crystallisation. : 
Sn+2HCl=SnCi,+H,. The hydrated salt сап ђе made anhydrous. 
by heating in a current of dry hydrogen chloride. 

à Anhydrous stannous chloride is a lustrous white solid (density 
-—3:95; m.p.=247°C). It is soluble in water and also in alcohol, 
acetone, ether, ethyl acetate etc. The dilute aqueous solution 
becomes turbid due to hydrolysis -into basic salt: SnC],+H,O: 
=Sn(OH)CI+HCI. Such hydrolysis can be prevented by the 
addition of hydrochloric acid to the aqueous solution. But, the 
acidic solution of SnCl, has a tendency to be oxidised to the stannic 
state, and as such, the acidic aqueous solution of SnCl, is preserved 
by adding some tin granules to the solution : 3SnCl,+-30,+H,O: 
—SnCl,J-28n(OH)CI. The hydrated stannous chloride forms white 
non-deliquescent crystalline (monoclinic or bipyramid) mass, with 
a density of 2:71 and melting at 40:5°С. Stannous chloride is a good 
reducing agent. It reduces silver and gold salts into the metallic 
state. Mercuric chloride is reduced to mercurous chloride and then 
to grey metallic mercury (if SnCls is used in excess). Italso reduces 
ferric salts to ferrous salts, cupric salts to cuprous salts, arsenates to 
arsenites. permanganates to manganous salts, chromates to chromic 
salts, organic nitro-compounds to amiries and the diazonium salts 
to the hydrazine salts . r 
2Ag*--Sn*?—2Ag | --Sn** : 2AuCl;4-38nCl, —2Au | + 35007 ; 
2HgCl,+SnCl,= Hg;Cl;--SnCl, ; Hg;Cl;-- SnCl;—2Hg--SnCl, ; 
2FeCl,4- SnCl,—2FeCI; -- SnCI, ; 2CuCl,+ SnCl;— Cu,Cl,-I- SnCl, 3 
K,Cr,0,-+14HCl+ 3SnCl,=3SnCl,+2KCl-+-2CrCly+-7H,0, 
Stannous chloride reacts with iodine solution to form SnCl,I,, and 
this reaction is used in the iodimetric estimation of tin : SnCl,+Iz 
—SnCl,L. Crystals of chlorostannous acid, HSnCl,. 3H;O, are 
obtained by freezing at—27°C a solution of SnCl, in conc, HCl 
Crystalline chlorostannites of the alkali metals of the composition 
MSnCl, and M;SnCl, have also been isolated. Dry SnCl, adds on 
a molecule of NH; when it is warmed in a stream of the dry gas. 
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Stannous chloride is used as a reducing agent in qualitative and 
quantitative analysis. In the industry, the salt finds application as 
areducing agent for nitro-, azo- and diazonium compounds and 
also as a mordant in dye-printing as also for preparing lake-colours. 


Staunous bromide (SnBrs) is obtained as а pale yellow mass (density —4:92 ; 
m.p.=232°C) by the action of hydrobromic acid on metallic tin. Distillation of 
metallic tin with HgBrs also produces SnBr;. 

Stannous iodide (SnI;) is obtained as a yellow precipitate on adding a solution 
of KI to а solution of SnCl,; The salt is sparingly soluble in cold water, but readily 
so in hot water. It dissolves:in hydroiodic acid to form iodostannous acid, HSnl;. 

Stannous bromide and iodide are more or less similar to the chloride in their 


properties, 

Stánncus nitrate, having the composition Sn(NO;).20H;O, is obtained as 
white, very deliquescent and unstable crystals, on cooling a solution of SnO in dil. 
HNO, (of density 1-2) to —20°C. [The action of dil. HNO; on metallic tin produces 
a mixture of stannic nitrate and stannous nitrate.] Stannous nitrate is soluble in 
water with extensive hydrolysis. 

Stannous sulphide (SnS) can be prepared by the direct union of 
granules of tin and sulphur powder at elevated temperatures. It 
is also precipitated when H,S gas is passed through a solution of 
stannous salt, acidified with dilute НСІ: SnCl,+H,S=SnS+2HCI. 

Stannous sulphide is a dark brown substance, insoluble in water, 
dilute mineral acids, as well as in solutions of alkalis and ammonium 
carbonate. It is, however, soluble in conc. НСІ and in yellow 
ammonium sulphide to form stannous chloride and ammonium thio- 
stannate respectively : SnS--2HCI—SnCl,4- HS ; SnS4-(NH4),S,— 
(NH,),SnS;. The solution of the thiostannate precipitates yellow 
stannic sulphide on acidification with dilute hydrochloric acid: 
(NH,)2SnS,+2HCI=SnS,-+-2NH,CI+H,S. 

Stannous sulphide, when heated in hydrogen, sublimes unchanged to form a 
lustrous crystalline product (density—5:27 ; m.p. 882°C). 

Stannous sulphate can be prepared as white needles, on boiling 
metallic tin with copper sulphate solution, filtering off the preci- 
pitated copper and then concentrating the filtrate : Sn-+CuSO,=Cu 
+SnSQ.. It is also obtained by dissolving tin in a mixture of 
1 volume conc. H,SO,, 2 volumes conc. HNO, and 3 volumes of 
water. The resultant solution, on concentration, yields needle- 
shaped crystals of stannous sulphate, The salt is readily soluble in 
water, but is extensively hydrolysed in solution. 


6 
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Tests: Inthe dry test, tin compounds impart a brownish red colour to the 
Microcosmic bead, when heated with a trace of copper salt in the reducing flame. 
Solutions of Sn(II) and Sn(IV) salts in dil. НСІ precipitate the brown SnS and the 
yellow SnS, respectively, when H,S gas is passed through them. The precipitates 
are soluble in yellow ammonium sulphide solution to form ammonium thiostannate. 
A very sensitive test of Sn(II) salts is the appearance of deep purple-red colour 
(purple of Cassius), when a few drops of gold chloride soln. is added to a weakly 
acidic soln. of Sn(I) salts. The reduction of НЕСІ, solution to Hg,Cl, or metallic 
mercury (grey) is also often used as a test of stannous salts. A delicate test of tin 
salts is the fluorescence test. In this test, the tin compound is treated with conc. 
НС and zinc dust ina small beaker. The lower part of a test tube, half-filled with 
water, is then dippped im the soln. of the beaker and it is then held in the Bunsen 
flame. A blue fluorescence is formed on the outer surfacé of the lower part of the 
test tube. . i 

Gravimetrically, tin is estimated as SnO, after igniting ће precipitated meta- 
stannic acid or tin cupferrate. 

Volumetrically, the stannous tin can be estimated by titration with a standard 
iodine soln. in an inert atmosphere of CO,. 


5 = a 
: LEAD 
Symbol: Pb; Atomic no. =82 ; Atomic wt.—207:2 
Electronic configuration : 15/252 p3533p834104 24554 10414552556 
Sd" 6s*6p?. 
ла лети пита ааа M HET Bs) МИ А 
Occurrence: Lead constitutes about 1-6: 10-3 % of the earth's 
crust and as such, it is less abundant in nature than many other 
so-called rare elements. But, the metal is found associated in many 
concentrated deposits throughout the world. The metal is the stable 
end-product of radioactive decay of all the radio-elements, and as 
such, it is often found in very small amounts in the free MN The: 
most important and widely distributed ore of lead is lead sulphide or 
galena (PbS) which is also usually associated with the sulphide ores 
of zinc, copper, iron and antimony. The ore is widely available in the 
U.S.A., Mexico, Canada and in Broken Hill (New South Wales). In 
India, galena occursat Zawar (Rajasthan) and Hazaribag (Bihar). 
The other less important ores of lead are the decomposition products 
of galena, such as anglesite (PbSO,) and cerussite (PbCO,, white lead 
ore). Minerals of lead, like crocoisite (PbCrO,, red lead ore), wulfenite 
(PbMO,) and stolzite (PbWO,) are available in some localities, but 
they have little significance as the ore of the metal. 


* 
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Extraction: The metallurgical extraction oflead is principally 
carried out by two processes, viz. (i) the self-reduction process and 
(ii) the carbon-reduction process. 

() The self-reduction process: In this method (which is also 
called the Roast-reaction process), the ore (galena) is first concentrated 
by the froth-floatation process to remove zinc sulphide and other 
gangue materials, and the dried concentrated ore is then roasted in 
а reverberatory furnace at 500— 600°C in such a way that some 
portion of PbS is oxidised to PbO and PbSO,, while the remaining 
portion remains unchanged : 

2PbS 4-30, —2PbO 4-280, + ; PbS+20,=PbSO,. 

In the subsequent step, the supply of air inside the furnace is 
totally stopped and the roasted mass is heated to higher temperatures 
with the addition of small amounts of quicklime and coke. As a 
result, the unchanged lead sulphide reacts with PbO and PbSO, to 
form metallic lead and SO, : t у 

PbS+2PbO=3Pb+SO,f ; PbS+PbSO,=2Pb+2SO, 1. 

The liberated metal remains in the molten state at the tempera- 
ture of the furnace, and is tapped out from the bottom, while the 
slag collects at the surface of the molten mass and is removed. The 
slag consists of calcium silicate which contains considerable amount 
of lead. The metal.is recovered from it by subsequent smelting 


.with lime and coke in a blast furnace: PbSiO,+CaO=CaSiO, 


-FPbO ; PbO--C—Pb--CO + ; РБО+СО f —Pb-4-CO, 1. 


Gi) The carbon-reduction process: This is a more modern 
method of extracting lead and is often called the Roast-reduction 
Process. Ores containing large proportions of impurities can be 
satisfactorily worked up by this method. In this method, the concen- 
trated ore (obtained through froth-floatation process) is mixed with 
asmall quantity of lime and quartz, and is oxidised by blast- 
roasting at high temperatures, which consists in blowing air through 
the above mixture. The oxidation of lead sulphide is so effected 
that most of it is converted to PbO. А little lead sulphate is also 
formed during the roasting, and it is readily transformed into lead 
silicate through reaction ' with the quartz present: 2PbS+30, 
=2PbO +250: f ; РЬЅ +20,—РЬЅО, ; 2PbSO,--28i0; —2PbSiO; + 
280,1 +0; 1. The product, obtained in the above roasting process, 
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is reduced by heating ina blast furnace with coke. PbSiO, does 
not, however, react directly with coke or carbon monoxide 
(obtained from the oxidation of coke in the furnace). But, the 
quicklime produced from the decomposition of limestone at the 
previous roasting, converts PbSiO; into PbO which is then reduced 
by carbon or CO : PbSiO,+CaO=PbO+CaSiO, ; PbO+C=Pb+ 
СОТ ; PbO+CO=Pb+CO,t. The crude molten lead is taken 
out through the outlet near the bottom of the furnace. 


Refining of lead: The crude metal obtained by the above 
processes is known as ‘lead bullion’. It contains many impurities: 
such as copper, iron, zinc, bismuth, tin, antimony, sulphur etc., 
together with not very insignificant amounts of precious metals like 
silver and gold. Pure lead is soft, but the presence of the above 
impurities makes it hard. So, the removal of these impurities from 
lead or its refining is often called the ‘softening of lead’. : 

The refining or softening of crude lead is carried out in two 
operations. At first, the lead bullion is melted on the shallow hearth 
of a reverberatory furnace and the melt is agitated regularly with 
an access of air, when the impurities (except Bi, Ag and Au) are 
converted into their oxides and rise as a scum on the surface of the 
liquid ; arsenic and sulphur are volatilised as As,O; and SO, A 
small portion of lead is also converted into lead monoxide or lead 
arsenate and antimonate which also collect at the surface along 
with the scum. The scum is skimmed off. The metal, so obtained. 
is sometimes re-melted on an inclined hearth of a furnace (liquation), 
so that the molten lead slowly runs down, leaving behind the 
relatively infusible impurities. The product is then subjected to 
de-silverisation by Parke's or Pattinson's process to recover gold 
and silver. [For details of these Operations, see 


: ‘the extraction of 
silver’ at page 420, vol. I of this book.] : 


Crude lead is now-a-days softened by an electrolytic method, 
known as the Betts process. In this method, a solution of lead 
silicofluoride, acidified with hydrofluosilicic acid, is electrolysed 
with de-silverised lead blocks as anodes and thin strips of pure lead 
as cathode. [A little gelatine is added to the electrolyte to make 
the deposit of lead in the cathode in the compact form.] On 
carrying out the electrolysis, lead is deposited on the cathode and 
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the impurities like Cu, Bi, Sb, Au and Ag are precipitated as the 
anode sludge. 


Properties: Lead is a bluish white metal (density—11:34 ; 
m. p.—3274'C ; b. p.=1750°C). It has a bright lustre at the freshly 
cut surface, but it readily tarnishes in air. It is very soft and can 
be cut with a knife. It is highly malleable and ductile, so that 
the metal can be rolled into thin sheets and drawn into fine wires. 
Lead marks paper. 


Lead is unaffected by dry air; but moist air attacks the metal 
and forms basic lead carbonate which protects it from further 
action. When melted.in air, the molten lead becomes covered with a 
layer of grey oxide (commonly known as lead dross), which is first 
converted to the yellow monoxide (Jitharge) and ultimately to red 
lead or minium (Pb3O,) at higher temperatures : 2Pb--O,—2PbO ; 
6PbO--O,—2Pb,O,. Water, free from dissolved air (or oxygen), 
does not attack lead ; but when dissolved air (or oxygen) is present 
in water, lead hydroxide is formed. As lead hydroxide is some- 
what soluble in water and is poisonous, drinking water, flowing 
through lead pipes, causes serious lead-poisoning. [Hard water, 
containing soluble carbonates and/or sulphates, does not react 
with lead because of the formation of protective coating of insoluble 
lead carbonate and/or lead sulphate. Soft water, treated previously 
with chalk or lime, does not also attack lead pipes.] Although lead 
is placed immediately above hydrogen in the electrochemical series, 
the metal is not usually attacked by dilute ‘acids due to the facts 
that (i) the evolution of hydrogen on pure lead takes place at a 
considerable overvaltage and (ii) in many casess insoluble coating 
of the lead salt of the reacting acid stops further reaction between 
the acid and the metal. Thus, lead is practically unaffected in 
absence of air by dil. and conc. HCl, H,SO, and HF in the cold. 
[But, in presence of' atmospheric oxygen, lead is attacked by all 
acids, including the very weak acids like acetic acid.] Conc. HCl 
slowly dissolves lead on boiling (complex-formation probably 
augments this dissolution) : Pb--2HCI—PbCl,4-H,1 ; PbCl;+2HCI 
=H,[PbCl,]. Conc. H,SO, attacks lead above 200°C. with- the 
evolution of sulphur dioxide : Pb+-2H,SO,=PbSO,+SO, 1 --2H;O. 
Dilute nitric acid readily dissolves lead at all temperatures : 
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3Pb-+8HNO;=3Pb(NO,).++2H,0-++2NO. Hot and conc. HNO, 
attacks lead, but the initial reaction is soon stopped due to the 
fact that the produced lead nitrate, being insoluble in conc. HNO;, 
Serves as a protective coating on the surface of the metal: 
Pb-++4HNO;=Pb(NO,).+2H,0+2NO,. Strong alkali solutions 


slowly react with lead to form alkali plumbite and hydrogen: 


Pb+2NaOH=Na,PbO,+H, 1 . Lead combines directly, when heated, 


with sulphur, selenium, tellurium and halogens to form the corres- 
ponding binary compounds. It also readily alloys with other 
metals and forms amalgam with mercury. The metal is precipitated 
from soluitons of its salts as beautiful interlaced crystals (Lead tree) 
by the more electropositive metals like zinc, tin or iron. Metallic 


lead has a tendency to flow out at ordinary temperatures, and it is 
increased on heating. 


Alloys of lead: Lead forms many useful alloys, 
hardened by such alloying. Some important alloys of lead are: (i) Type metal 


(Pb, 80%, Sb, 15%; Sn, 5%), (ii) Solder (Pb, 50% ; Sn, 50%), (ii) Pewter 
(Pb, 20% ; Sn, 80%). Brass and bronze also contain lead. 


the metal being usually 


Uses: Lead is used for making pipes, for 
chambers in H;SO, plants (lead chamber process), 
rating pans, plates for accumulators, cores of bull 
of lead have many important uses, e.g. in making t 
bearings etc. Many lead compounds (white lea 
pigments. 


Covering electrical cables, roofs, 
for fabricating crucibles, evapo- 
ets and for Making shots, Alloys 
ypes, solders, accumulator plates, 
d, Pb,O,, РБСТО, etc.) are used as 


Compounds of lead. 


Lead forms two series of compounds—th 
plumbic compounds—in which the meta] e 
tetravalency respectively. The lead (II) salts 
the lead (IV) salts which possess a Strong tendency to pass into the 
Pb(II) state, and as such, the РЕПУ) compounds are strong oxidising 
agents; Pb*+2e —Pb^. In the formation of the Pb(ID 
cempounds, two electrons in the valence-shell Of the metal remain 
as the inert pair and the other two electrons are used in bonding; 
while in the Pb(IV) salts, all these four electrons are involved in 
the formation of mainly covalent bonds. Free Pb** ions cannot 
exist in any appreciable concentrations in aqueous Solution because 
of the hydrolysis into PbO, : Pb**+.2H,0=Pbo,4.4H+. 


€ plumbous and the 
Xhibits bivalency and 
аге more stable than 
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Lead (II) Compounds. 

Lead monoxide (PbO) can be obtained in two different forms, viz. 
the yellow coloured massicot and the yellowish red /itharge. Of the 
two forms, litharge is the stable modification at ordinary tempera- 
tures (and hence is chemically less active), less soluble and more dense 
than massicot. It is prepared on a large scale through the oxidation 
of molten lead by a blast of air. [It is formed during the cupella- 
tion of argentiferous lead : See Vol. I. p.422.] Massicot is obtained 
as a yellow powder by the thermal decomposition of lead nitrate or 
lead carbonate : PbBCO,—PbO 4- CO; ; 2Pb(NO;), —2PbO - 4NO,--O;. 
Massicot is transformed into litharge on prolonged boiling with 
water. All other oxides of lead produce litharge on heating above 
550°C. 

Lead monoxide is insoluble in water, but dissolves readily in 
acids to form lead (II) salts. Itis slightly soluble in dilute alkali 
solutions, but slowly dissolves in hot, “concentrated alkalis to form 
plumbites. It is'thus dominantly a basic oxide with some amphoteric 
character : PbO+2HNO,=Pb(NO3)2+H:0 ; PbO+2N20H= 
Na,PbO,+H,O. On heating in air for some time at about 450°C, it 
is oxidised to red lead (massicot is generally used to manufacture red 
lead). When heated in a current of hydrogen or carbon monoxide, 
or when a mixture of PbO with coke or potassium cyanide is heated, 
reduction to metallic lead takes place: :PbO--H;—Pb--H;O ; 
PbO+C=Pb+CO. 

Lead monoxide is used as paints and also in the preparation of varnishes, plasters, 
enamels, glazes, flint glass, red lead and other lead salts, as well as in the vulcanisa- 
tion of rubber. 

Lead sesquioxide (PbO) results as a reddish yellow powder by the action of 
oxidising agents like hypochlorite, bromine or hydrogen peroxide ona cold solution 
of PbO in caustic potash: 2PbO+NaOCl=Pb,0,+ NaCl. The oxide is insoluble 
in water, but dissolves in acids to form lead (II) salts and PbOs: Pb,0;--3HNO; 
=PD(NO,)s-+-PbO:+H.0. The chemical reaction suggests that lead sesquioxide is 
a mixture of PbO and PbO, in 1: 1 molecular proportions ; but, it may also be 


regarded as lead (П) metaplumbate, Pb" (Pb!V0;). 


Lead hydroxide [Pb(OH);] is obtained as а white gelatinous 
precipitate, when alkali solutions (avoiding excess) are added to the 
solutions of lead (II) salts : Pb** 4.20H-=Pb(OH)s. It is slightly 
soluble in water, the aqueous solution being alkaline. It is, how- 
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ever, amphoteric in nature, and dissolves in acids to form lead (1) 
salts and in alkalis to form plumbites (but, the plumbites are readily 
hydrolysed in aqueous solution to re-form lead hydroxide) : РЬ(ОН), 
+2HNO, =Pb(NO,),+2H,0 ;. Pb(OH),-+2NaOH=Na,PbO,+2H,0O. 
If the hydroxide is dehydrated at 100°C or above, litharge is formed ; 
but, on dehydration at lower temperatures, massicot is obtained. 
Lead (II) halides. А 

Lead (II) fluoride (PbF,) is prepared as a white powder (m.p.—818*C) by adding 
a solution of a fluoride to lead nitrate solution, or by the action of hydrofluoric acid 
on lead hydroxide or carbonate, It is sparingly soluble in water, but it dissolves 
casily in hydrochloric and nitric acids. 

Lead (II) chloride (PbCi;) is prepared by the action of hydro- 
chloric acid on lead monoxide or basic lead carbonate, or by dissol- 
ving metallic lead in dilute HNO, and precipitating the salt by adding 
hydrochloric acid: PbO--2HCI—PbCI,4-H,O ; Pb4OH)(CO;, 
+6НСІ=3РЬСІ, +2С0,-+4Н,О У 3Pb+8HNO,=3Pb(NO,)s +2NO+ 
4H,0 ; Pb(NOj)»--2HCI—PbCI, +2HNO,. 

Lead chloride forms white lustrous (silky) crystals (m.p.—498°C), 
sparingly soluble in cold water, but comparatively more soluble in 
hot water, It also dissolves in conc, hydrochloric acid to form 
H;|PbCl,] which decomposes on dilution, with the precipitation of 
lead (П) chloride : PbCl,+2HCI=H,[PbCI,]. The dry. salt can be 
distilled without decomposition in 
but, it is hydrolysed to the oxychloride when heated in air (the 
moisture of air brings about the hydrolysis at the elevated tempera- 
ture). Complex compounds of lead chloride with pyridine and 
thiourea are known. 


Lead bromide (PbBr;) is obtained as white, lustrous, needle- 


à Shaped érystals by 
methods .similar to those of РЬСІ,. 


| precipitate when a soluble iodide is 
added to a solution of lead (П) salts. On recrystallisation from hot water, lead (ID) 


iodide forms beautiful golden yellow sparkling leaflets (golden Spangles), melting at 
412°C. On heating, it first turns brick-red and then brown; but, the original color 
is regained on cooling. Lead (II)iodide is much less soluble in water that PbCle 
and the aqueous solution is quite colourless. This 15 due to the fact that, in aqueous 
solution, the salt is present almost completely in the dissociated state, ie, as Pb** 
and I- ions, both of which are colourless. Lead iodide dissolves in KI solution to 
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form colourless complex salt, K[PbL], which is decomposed оп dilution, with the 
precipitation of lead (П) iodide : PbI;-+2KI=K,[PbI,]. 


Lead (II) sulphide (PbS) occurs in nature as galena, the principal 
ore of the metal. The sulphide is thrown down as a black preci- 
pitate when hydrogen sulphide is passed through a solution of 
lead (II) salts: Pb**+S*=PbS|. In presence of excess НСІ ів. 
solution, a yellow or red precipitate of РЬСІ,.РЬЅ is often formed, 
but it is transformed into black PbS on dilution. with water and 
passing an excess of hydrogen sulphide : 2PbCI, +H,S=PbCl,.PbS 
+2HCI. Lead, sulphide may also obtained as a grey mass by 
heating the metal in sulphur vapour. 

When heated in air, lead sulphide is oxidised to lead sulphate and 
lead dioxide : 2955 +30, =PbSO,+PbO,. It is insoluble in water, 
dil. HCl and dil. H,SO,, but it dissolves readily in hot, dil. НМО,, 
with the liberation of sulphur : 3PbS--8HNO;—3Pb(NO;).-2NO + 
4H;0--3S 4. [Conc. HNO;, however, oxidises it into lead sulphate.] 
It also dissolves on boiling with conc. НСІ to form lead (II) chloride 
and hydrogen sulphide : PbS++-2HCI=PbCI,+H,S?f. Hydrogen 
peroxide and ozone oxidise lead sulphide into lead (П) sulphate : 
PbS--4H;,0;— PbSO, J-4H50 ; PbS+40,;=PbSO,+-403. 

Lead (II) sulphate (PbSO,) occurs native as anglesite. It is 
obtained as a heavy white precipitate when a soluble sulphate or 
dil. H,SO, solution is added to a solution of lead (II) salts : Pb**-4- 
SO,°-=PbSO, |. The compound is sparingly soluble in water, but 
dissolves to a considerable extent in conc. acids. It is also soluble 
in hot solutions of sodium acetate or ammonium acetate, and it is 
due partly to complex formation and partly because of the forma- 
tion of feebly dissociated lead acetate. [This property of PbSO, is 
taken advantage of in differentiating PbSO, from BaSO,.] 

, Lead (II) chromate (PbCrO,) occurs naturally as crocoisite. As an important 
pigment, it is prepared on a large scale by mixing a solution of lead acetate with a 
solution of potassium chromate, acidified with dil. H,SO, at ordinary temperature : 
Pb**--CrO4-—PbCrO, |. [Use of neutral chromate solution precipitates PbCrOa 
of darker shades.] Potassium dichromate solution precipitates PbCrO, incompletely 
from a neutral solution of lead (II) salt : 

Pb**--Cr.O;- + HiO=PbCrO,4+-HiCrOu- 

Lead chromate is a yellow compound, extremely insoluble in water and .acetic 

acid, but dissolves in strong mineral acids and alkali solutions, forming soluble 
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lead (П) salts and plumbites respectively : PbCrO,+4NaOH=Na:PbO,+Na,CrO, 
+2H,O. Lead chromate is a pigment (chrome yellow). When digested with dil. 
alkali solutions, lead chromate forms the basic salt, PbCrO,. PbO, as a red mass 
which is used as a pigment (chrome red). A mixture‘of chrome red and chrome 
yellow is also used as a pigment (chrome orange). 

Lead nitrate [Pb(NO;);] is prepared by dissolving litharge, basic 
lead carbonate or the metal itself in hot, difute nitric acid and 
erystallising the product from acidic solution. It is also obtained as 
a by-product during the preparation of lead dioxide from red lead. 


Lead nitrate forms colourless crystals, highly soluble in water 
without any hydrolysis. It is decomposed on he ting to give lead 
monoxide, nitrogen dioxide and oxygen: 2Pb(NO,),=2PbO-+ 
4NO,+0;. It is an oxidising agent and is used in match industry 
and also for the preparation of other lead (II) compounds. 

Lead (II) carbonate (PbCO,) occurs in nature as cerussite. It 
may be artificially prepared by adding a solution of lead (II) acetate 
or lead (II) nitrate to a solution of Sodium bicarbonate or 
ammonimum carbonate. [The use of NaCO, solution produces 
the basic salt, РЕ(ОН),. 2PbCO, (white lead)]. 
also precipitated on passing a stream of CO 
solution of lead (II) acetate. 


Lead. carbonate is 
» into a cold, dilute 


Lead carbonate is practically insoluble in water, but it dissolves 
in acids and ammonium acetate solution. When heated ‘above 
300°C, it decomposes into lead monoxide and carbon dioxide : 

PbCO;-—PbO-rCO,. 


White lead or Basic lead carbonate [2PbCO;.Pb(OH),] is an 
important white pigment and is always Prepared on a large scale by 
various processes, of which the oldest Dutch process is largely used. 

(i) The Dutch process: In this process, white lead is obtained 
by the prolonged simultaneous action of air, moisture, acetic acid 
vapours and carbon dioxide on sheets of metallic lead. The actual 
operation consists in spreading a layer of dung or spent tan-bark 
on the floor of brick-built chamber and a number of Blazed earthen 
pots, containing some dilute acetic acid, are embedded in the layer. 
The earthen pots are fitted with perfi orated shelfs at the middle, and 
thin lead sheets, rolled in the form of spirals, are placed on them. 
The pots are loosely covered with a light board, over which similar 
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layer of dung and earthen pots.are arranged, till the chamber is full 
with the successive rows. The chamber is then covered with a 
shed and left as such for several weeks (5-8 weeks). During this 
period, the fermentation of dung or tan-bark produces CO, and 
provides necessary warmth required for the slow evaporation of 
acetic acid and water. Acetic acid vapours react with lead in 
presence of air and moisture to form basic lead acetate which is 
ultimately converted to basic lead carbonate by CO, The liberated 
acetic acid and lead acetate enter again into the reactions and 
the process continues, until the evolution of CO, ceases or all the 
metal is used up. ` : 

2Pb-+-4CH;COOH-+02=2Pb(CH;COO),+2H:0 9 

Pb(CH;COO), --H, O=Pb(OH)(CH,COO)+CHsCOOH ; 

6Pb(OH)(CHCOO)-+2CO,=2PbCO,.Pb(OH), + 3Pb(CHsCOO)s 

--2H40. 

After the completion of the reactions, the lead sheets inside the 
earthen pots become thickly covered with white lead. These are 
scraped off, ground finely to separate any unchanged lead, washed 
with water and dried. 

(i) In the German process, white lead is manufactured by essentially the similar 
reactions, Lead sheets are suspended in charnbers, into which CO, and acetic acid 


vapours are simultaneously passed. 
(ii) In ће French process, which operates in the wet way, white lead is manu- 
factured by passing CO; into a solution of basic lead acetate (obtained by dissolving 
PbO in boiling lead acetate solution). 
(iv) In the electrochemical process, à solution containing NaCl and Na,CO, is 
electrolysed with lead sheet anodes, and CO, is passed through the electrolyte during 
the electrolysis. Lead, dissolving out from the anodes, is immediately precipitated 


as basic lead carbonate during the process : 
Pb-Pb**. 20, iPp**--20H-4-2COs?- —2PbCO;.Pb(OH)s- 


White lead is a heavy, compact, amorphous powder which mixes 
intimately with oil. It has the greatest covering power of all the 
white pigments; but, it suffers from the drawbacks that it is 
poisonous and it becomes dark gradually in air containing small 


amounts of hydrogen sulphide (due to the formation of PbS). 


Lead (П) acetate [Pb(CH,COO)s] is obtained as colourless crystals of the tri- 
hydrate, Pb(CH;COO);.3H,0, when a solution of lead monoxide in hot, dilute acetic 
acid is crystallised. It is generally known as the sugar of lead, because of its 
intensely sweet taste; but, the compound is highly poisonous. The compound is 
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highly soluble in water. The hydrated salt melts at 75*C, but the anhydrous salt 
Ке 


has a melting point of 280°C. It forms basic lead acetate, when boiled with lead 
monoxide, 


Lead acetate is used in medicine and also as an i 
ds also employed for the production of pigments like 


Lead (LV) Compounds. 


mportant laboratory reagent. It 
chrome yellow and chrome red. 


tion of the hydride was actually known by this mirror- 
been reported (Schulze, 1929) to be formed by the 


(by chlorine, bromine, hypochlorite etc.). 

by dissolving out lead (II) Oxide from req lead (Pb,O 

HNO,, or by the oxidation of lead acetate 
a et MENO ВО, + 2PENO LARD ; 
З оа поене а 


[In the electrolytic Process, a solution of NaCl 
monoxide (PbO), is electrolysed With Pt- 
hypochlorite formed electrolytically ang t 


Н--Сасі,. 


» containing Suspended lead 
electrodes, PbO is Oxidised to PbO, by the 
he product is deposited at the anode,] 

Lead dioxide is a chocolate-brown Powder 
in water and dilute acids, But, on heati 
H,SO,, it reacts With ` the evolution of 


respectively : РО HAHCI- PbCI, 42,04] ; 


and it reacts, when heated, with Stron 


to form plumbates : PDO. +Na,O=Na,PbO, ; PbO, +2Na0H=— 
Na,PbO;+-H,0. 


Lead dioxide is a Strong oxidant. . When а Stream of SO, at 
ordinary temperature is passed over lead dioxide, jt becomes white- 
hot, and lead sulphate is formed : PbO. +S0,—Pps0,, When it is 
rubbed with easily combustible Substances like Sulphur or red 
phosphorus, inflammation takes Place with the formation of lead 
sulphide or lead Phosphide respectively, д Manganous salt js 
oxidised to pink permanganic acid (HMn0), on heating with conc. 
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HNO, and lead dioxide: 2MnSO,+5Pb0,+6HNO;=2HMnO,+ 
2PbSO,4-3Pb(NO;),4-2H;O. In alkaline medium, chromic hydroxide 
is oxidised to  chromate (yellow colour) by lead dioxide: 
3Cr(OH),+ IOKOH 4-3PbO; —2K;CrO, + 3K,PbO,+8H20. Oxalic 
acid is oxidised to CO, when heated with PbO, in presence of nitric 
acid: (COOH),+PbO,+2HNO,;=2CO,+Pb(NO,).+2H2,0. Lead 
dioxide is stable upto 300°C. When heated above 300°C (but below 
450°C), it loses oxygen to form lead monoxide ; at 450— 500°С, red 
lead is formed: 2PbO,—2PbO--O, ; 6PbO,—2Pb;0,4-20;. 

[PbO, is not a peroxide, as it does not produce H,O, on treatment with acids. 


Its structure is that of a tetravalent lead compound (O=Pb=O), which does not 
contain the so-called peroxo-bridge.] 


Lead dioxide is used in the anode of lead accumulators, in the 
preparation of matches and as an oxidising agent in the laboratory. 


Red lead or Minium (Pb,O,) is prepared by heating lead monoxide 
(litharge or massicot, PbO) in air at 450—500*C for a few hours: 
6PbO--O,—2Pb,O,. It forms a brilliant red powder which is 
practically insoluble in water. It dissociates into PbO and O, on. 
heating above 550°C. The red compound darkens on heating, but 
the original colour is restored on cooling. Red lead. dissolves in 
nitric acid to form lead dioxide and lead (II) nitrate: Pb4O,4- 
4HNO,=PbO,+2Pb(NO;).+2H,O. The reactions and the crystal 
structure of Pb,O, indicate that it is not merely a mixture of PbO 
and РБО;, but it should be considered. as lead (II) orthoplumbate, 


РБа(РБ" О). Like the dioxide, red lead reacts with hot and concen- 
trated H,SO, and НСІ with the evolution of О, and Cl, respectively : 
2Pb,0,--6H;S0,—6PbSO,--6H,O--O,; ^ Pb;O,4 8HCI—3PbCI;-- 
4H,0+Cl,. 

Red lead is extensively used as an oil paint (mixed with linseed oil) for the protec- 


tion of iron against rusting and also for luting joints of iron pipes in plumbing work. 
It is also used sometimes as an oxidant. 


Lead tetrahalides, i 

Lead tetraflaoride (PbF,) is obtained as a white crystalline substance on passing 
fiore AE. plumbous fluoride (PbF;), heated above 250°C, The compound 
is not very stable, but the stable complex fluoplumbates like Na,[PbF¢], "Rb;[PbFg], 
Cs[PbFi) K;HIPbF4, (NH, HIPbF] ere. are known. 
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Lead tetrachlo 


ride (PbCI,) is Prepared by first dissolving PbO, in 


` ice-cold conc. HCI (saturated with c 


chloride to the resultant yellow Solution. A yellow precipitate 


i The precipitate 
is then dissolved in cold conc, Н,50,, When lead tetrachloride is 
formed as a heavy, yellow oil which can be easily Separated from 
the Teaction-mixture : P POr + OHCI=H,PLCI,4 2.0, H;PbCI, + 
2NH,CI— (NHj)PbCI, i +2НСІ; (NH;),PbCI, ..- H, so, —PbCI,4- 
(NH)SO,-I-2HCI. 5 
Lead tetrachloride is a heayy (sp. 8T.—3:18 at 0*C), yellow, 
fuming oily liquid, freezing at ISE to` yellow crystals. The 
compound is not very Stable. It is easily deco а 


to evolve chlorine and it explodes Оп heating at 105°C · PbCI, 


compounds being always formed, Complex 
hexa-iodoplumbates of the alkali metals are 
Lead (ГУ) Sulphate, [Pb(SO,),], is Obtained as 
anode, when 80% Н,50, Solution is electrolysed ђе 
dioxide тено а Aon Poo отрм Уа ву Vier ims jd 
Lead tetra-acetate, Pb(CH;COO),, i 
lead in warm glacial acetic acid, Passing chlor; 


is obtained, through concentration of the s 
(m. p. 175°C). It is readily hydrolysed by water t 
dioxide. It is soluble in Organic solvents. Pb;0,+.8¢ 
РО(СН,СОО), + 2Pb(CH3COO),+.411,6 ; 2Pb(CH 
РЫ(СН,СОО), +-РЬСІ,. 

Lead tetra-acetate is used as an oxidising del 
chemistry. 

Lead tetraethyl, [Pb(C;H;),], is obtained asa colourless | uid 


q 


~ (density — 1-65 by 
the reaction of zinc alkyl. or Grignard Teagent (RMgBr) with ] ) 


ead (П) chloride, 
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Lead (II) diethyl, [Pb(C;H,)s], which is first formed, disproportionates into lead av) 
tetraethyl and metallic lead: РЫСІ,+ Zn(C,H;); = Pb(C; H;), - ZnCl: ; 2Pb(C;H;); 
=Pb+Pb(GH;),. The liquidis not hydrolysed by water, and it can be distilled 
undecomposed under reduced pressure. It is used as an anti-knock agent in ihe 
fuels of internal combustion engines. 


Lead Accumuiator or Lead storage cell. 

In princlple, a lead accumulator consists of two perforated lead 
plates dipped into dilute HSO, of specific gravity 1:15— 1:20, con- 
tained in a rectangular glass vessel. One of the lead plates is packed 
with PbO, (positive plate) and the other with spongy metallic lead 
fnegative plate). In actual practice, several such plates are alternately 
arranged in an accumulator, and the plates of each kind are connec- 
ted together to form the two poles of the battery.’ If the two poles 
are joined by an external conductor, a current of electricity flows 
from PbO,-plate (brown coloured) to the lead plate (grey coloured). 

A lead accumulator is used to store "up electrical energy which 
may be utilised when needed. The electrical energy obtained from 
the apparatus is generated at the expense of the energy of the 
Chemical reaction taking place within the cell, when the two poles 
are connected by an external conductor. When electric current is 
drawn from. an accumulator, it becomes ‘discharged’, and in this 
Process, the pbO, in the positive plate gives up positive electricity 
(or takes up electron) to pass into divalent lead ion : PLO: и 
2еәр b**--2H,O. At the negative plate, metallic lead is simulta- 
neously oxidised as-Pb** ion and goes into solution : Pb-Pb**4-2e. 
The Pb** ions formed in both the reactions combine with the 
Sulphuric acid in the cell to form insoluble PbSO, which is deposited 
9n the two plates. Thus, the reactions at the two electrodes are : 

PbO, +4H*-+SO,2- + 2e—PbSO, -2H;O ; 
Pb+SO2-=PbSO,+2e. : 
Combining the above two reactions, We 
теасНоп in the above discharge process as, 
PbO,+Pb+2H,S0,=2PbS0.+ 2H20- ; 
arged accumulator is 2 volts. On drawing 
current from it, the e. m. f. gradually falls and reaches a lower n5 
of 1.8 volts, when the flow of current practically stops. e 


accumulator is thenito be ‘charged’ to raise the e. m. f. to the 


get the total chemical 


The e. m. f. of a fully ch 
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required value. This is done by applying an external potentiai, 
larger than 2 volts, in the reverse direction,—i.e. the positive pole of 
the external source is joined to the positive pole of the accumulator, 
As a result, chemical reactions, reverse of those of the discharge 
process, occur at the two electrodes. In the positive plate, Pb**ions 
are oxidised to Pb-* ions, which immediately react with water to 
deposit PbO, on the plate : Pb**—2e-,pp*: Pb**--2H,0— PbO, + 
4H*. In the negative plate, lead is deposited by the discharge (or 
the reduction) of Pb++ : Pb**--2e-—S Pb. 

During discharge, water is formed and the concentration. of 
H,SO, in.the accumulator falls, while during charging, the concen- 


Tests: (i) Lead compounds, reduced in a charcoal-block with anhydrous 


ppt. on treatment with KI soln. The Ppt. dissolves i 
as shining golden spangles on Cooling the soln, (iv) A soln, Of lead salt Bives a 
yellow ppt. with a soln. of potassium Chromate, The ppt. is insoluble in acetic acid. 
Gravimetrically, lead is estimated as lead sulphat 
at 120°C, Alternatively, the Precipitated PbCrO, 


[1 ml. N/10 Ма;5,0, Solri.—: 00069 gm, of lead, ] 


CHAPTER XVI 
GROUP VB ELEMENTS : THE NITROGEN FAMILY 


The group VB of the Periodic Table consists of five elements, viz. 
nitrogen, phosphorus, arsenic, antimony and bismuth, and it is also 
called the nitrogen family. Of these five elements, only phosphorus 
occurs abundantly in nature (0.118% of the earth’s crust), occupying 
the tenth position in the order of natural abundance. Though 
nitrogen occupies almost 78% (by volume) of our atmospheric air, 
its relative abundance is only 5x107? 94 and hence, is not as 
abundant as one generally thinks. The relative abundances of As, 
Sb and Ві аге 4.5x 107? 9j, 5х107* % and 1.8 x 1075 % respectively 
in the earth’s crust. 

All the members of this group are ‘p’-block elements with, ms*np® 
configuration in their outermost or valence-shell. The regular 
Variation of the important physical and chemical characteristic 
atomic number (as predicted by the Periodic Law and reflected 
Periodic Classification of elements) is clearly illustrated in this group. 
In this group, there is a gradual change from. a true non-metal 
(nitrogen) to a true metal (bismuth), through the metalloid, A E: 

The electronic configurations of the Gr. VB elements, along "EA 
Some of their most important properties, are summarised in the 
following table (page 98, table 16:1) : А 

Variation in physical states of occurrence and m ое 
modifications: The elements of this 8100р exhibit а еа Е cnl 
tion in their physical states of OEC d od 
Nitrogen, is a gas and can be liquified at a very low 2s d 

phosphorus, 15,а soft an 


(—195.8*C). The second element, : 
TRU. dr (m. р. 44.1*C) which passes into the vapour state 


i sphorus, viz. AS, Sb and Bi 
at 280°C. The elements following pho DE M S etre 


alge as o p: ~ ber. The melting points 
increase with the increase in atomic num SEN Ein 
increase from nitrogen to arsenic and then д 


having an unusually low melting point. 
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Existence of allotropic modifications is a special feature of this 
group. Except bismuth, all the other elements exhibit allotropy. 
In the solid state, nitrogen exists in two forms, (1) «-nitrogen with 
cubic lattice and (ii) g-nitrogen, with a hexagonal lattice. Phos- 
phorus exists in three allotropic forms, white ‘phosphorus, red 
phosphorus and black phosphorus. The three allotropic modifica- 
tions of arsenic are the grey, yellow and black arsenic. Antimony 
also exists in. three allotropic modifications, viz. metallic antimony, 
«-antimony and the explosive antimony. 


Atomic volume and atomic radius: Following the ‘general 
principles of the periodic classification of elements, the atomic 
volumes and the atomic radii of the elements of this group increase 
with the increase in atomic number. The only exception is arsenic, 
which has an unusually low atomic volume (see table 16:1). 


Tonization potential : The ionization potentials of the members of 
Gr. VB decrease down the Broup, a$ the atomic number and and 
atomic-volume increase. 


Metallic and non-metallic character: Since the metallic character 
of an element is associated with comparatively large atomic volume 
andlow ionization potential, the metallic character increases down 
the group with the increase in atomic number. Thus, nitrogen and 
phosphorus are pronounced non-metals, while 'antimony and 
bismuth are metals, with arsenic representing the intermediate 
metalloid character. Bismuth is a true metal and antimony, though 
predominantly metallic, possesses some metalloid character. The 
gradual transition from non-metallic to metallic character is mani- 
fested in the following properties. 

(@) Change in conductivity : Conductivity gradually increases 
from the non-conductors nitrogen and phosphorus, (which are 
pronounced non-metals) to antimony and bismuth (which conduct 
electricity and heat), while arsenic isa poor conductor. 

(b) Basicity of the hydrides : The basic character of the hydrides 
decreases sharply from NH; to BiH, which is indicative of the 
increase in metallic character with the increase in atomic number. 


(c) Nature of the oxides: Acidity of the oxides (like the tri- 
oxides of the general formulae R,O,) decreases from nitrogen to 
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bismuth. Thus, N,O, P,O, and As,O, are acidic and dissolve in 
water forming the ‘ous’ acids, of which As,O, is least acidic. Sb,O; 
is amphoteric and is insoluble in water, while Bi,O, is a distinctly 
basic oxide. 

(4) Strength of the oxyacids: Strength of the oxyacids of 
these elements (the ‘ic’ acids) decreases rapidly from nitrogen to 
bismuth, indicating the increase in metallic character. HNO, is the 
strongest acid, and the strength sharply decreases in Н;РО, and 
HAsO, while H,SbO, is amphoteric and H,BiO, [rather Bi(OH);] 
is distinctly basic. 

Electron affinity and electronegativity : Both these properties 
decrease down the group with the increase in atomic number, as is 
reflected in the gradual increase of the metallic character from 
nitrogen to bismuth. 

Decrease in ionization potential and electron-affinity of these 
elements with the increase of atomic number implies that the heavier 
members would occur in positive oxidation states in combination 
with the more electronegative elements of Gr. VIB and VIIB. 


Nature of bonding: . The valence-shell electronic configuration 
of the Gr. VB elements is ns?np?, in which the ns-Orbital contains 
two paired up electrons while the np-orbitals contain three unpaired 
electrons in the пр,, mp, and np, levels (See Vol. I. Chapter I). 
Thus, all of them are three short of the valence-shell electronic 
configuration of the next inert gas (octet). So, in principle, they 
can attain the octet structure (in their valence-shell) by several ways : 
(a) They may lose all the five valence-electrons and attain the octet 
of the preceding inert gas and thereby form the true 4-5 charged 
cations. But, this is energetically impossible and hence is ruled out 
completely. (b) The gaining of three electrons may lead to the forma- 
tion of a true trinegative R?- species. But, it is also an unfavourable 
process. [In practice, it is not achieved except in the most electro- 
negative member, nitrogen.] (c) They may form of three covalent 
single bonds, in which the three unpaired np-electrons аге involved, 
with the ms-electron-pair remaining as а lome-pgip available for 
donation to acceptors like Lewis acids. The electronegativity of 
the other members of this group are much lower and hence they 
form mostly covalent compounds even with the most electro- 
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negative elements of Gr. VIB and VIIB. Even the chemistry of 
nitrogen is dominated by covalent compounds. It is to be noted 
that the compounds of bismuth are of predominantly ionic character 
which is quite expected. Thus, the ionic nature of the bonds in 
the trichlorides increase regularly from N – СІ to Bi— СІ. 

Nitrogen being an element of low atomic number, its outermost 
level has n—2, for which no ‘d’-orbitals „аге available for bonding 
purposes and hence, it can form only tricovalent species. But, from 
phosphorus (n=3), d-orbitals are available for bdfiding purposes 
when such ‘requirements arise, and P, As, Sb and Bi can expand 
their octet to form hexacovalent compounds. h 


. Oxidation states : All the elements of this group:display formal*- 
positive and negative oxidation states. Since the Gr. VB elements 
are closer to the succeeding inert gases, their chemisty is pervaded by 
negative oxidation states. b 


Negative oxidation states: As already discussed, the true –3 
oxidation state is only achieved by nitrogen in the nitrides, while a 
formal —3 state is attained by the other elements in their compounds 
with highly electropositive elements such as in the hydrides. The 
stability of the —3 oxidation state decreases down the group, 
parallelling the decrease in electronegativity, with bismuth hardly 
exhibiting a negative oxidation state. This is the reason of the 
pronounced decrease in stability of the hydrides (RH,) down the 
group from nitrogen to bismuth. 


Positive oxidation states: The valence-shell configuration ns?np* 
naturally suggests the existance of a formal +3 oxidation state, 
Corresponding to the participation of the three np-electrons, and a 


* In a compound involving shared electron-pair bonds between two (or more) 
Clements differing in electronegativity (e.g. HCl, НО, NFs etc), electroneutrality 
principle is applied for assigning a formal charge or oxidation number or oxidation 
state to the atom of an element present in the molecule being considered. This 
formal charge on an element in a compound may be defined as the electrical charge 
(positive or negative) which it would carry, if the molecule is made up of ions only. 
The more electronegative element is assigned a negative formal charge, while the 
less electronegative one is assumed to carry positive charge. Thus, in НСІ, the 
formal charge on hydrogen is +1 and that on chlorine is —1. “Similarly, in Н.О, 
the formal charge on two hydrogens together is +2 and that on oxygen is —2. The 
terms formal charge and oxidation state are taken as synonimous here. 
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formal +5 oxidation -state in which both the two ns and the three 
np-electrons take part in chemical bonding with a more electronega- 
tive element. The +3 oxidation state is the stablest and is most 
common, while the stability of the +5 oxidation state decreases down 
the group and becomes very unstable in bismuth. As is predicted by 
Fajan’s rules of ionic distortion, the compounds in the +-5 oxidation 
State are much more covalent in nature than the corresponding 
compounds in which they exist in the +3 state. In the +5 state, all 
y Non-metallic and acidic in nature. 
It is to be noted that nitrogen and Phosphorus exhibit the oxidation 
states of +4, and +1, while nitrogen exhibits the +2 oxidation 
state also. у 

The positive and negative oxidation states exhibited by this 
group of elements are included in the following table along with 
relevant examples. 

TABLE 16.2 

Oxidation states of the Gr. VB elements : 


Oxidn. Nitrogen Phospho- ~ Arsenic Antimony ^ Bismuth 


State Tus 
45 МО; P404 AsO; 5,0, Ві,О; 
HNO, H;PO, HAsO, HSb(OH), NaBiO, 
PCI, AsCl; БС 
+4 NO, BA T" A TS 
or МО, 
43 №0, РО As,0, Sb,0, Bi 
HNO, H;PO, HAsO, 550, Bey 
NCl, PCI; AsCh SbCI, ВІОСІ 
SbOCI 
+2 NO T mx "rs Fi 
+1 N,O H;PO, B ЕЕ ay 
HNO;  (hypophosphoro us acid 
(hyponitrous acid) t 
> N, P, As Sb Bi 
Ет VNHOH 12:45 i p qu 
-2 м,н, Р.Н, " TORY — — 
$3 NH, PH, AsH, ~ SbH, BiH 
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The inert pair effect: The stability of the +5 oxidation: state 
decreases with the increase in atomic number because of the increased 
reluctance of the two ns-electrons to take part in chemical bonding. 
This is termed the «тег pair effect". It becomes operative 
from antimony and is very high in bismuth. Hence, pentavalent 
antimony compounds are less stable than the corresponding trivalent 
compounds, while bismuth forms pentavalent compounds only with 
the highly electronegative element oxygen and even then, it is rather 
unstable. Such a pair of *s' electrons in the outermost quantum level 
are to be unpaired by supplying sufficient energy before they can 
participate in bonding. It is this amount of energy ( required to 
*unpair' these two. paired up ns electrons) that increases gradually 
from nitrogen to bismuth, and in bismuth it becomes so high that it 
can be supplied only in its reactions with oxygen, the energy of 
formation of Bi—O bonds being very high. 


Catenation or self-linkage : Catenation or the tendency to form 
linkage among the atoms of the same element, which is the special 
characteristic of carbon and, to some limited extent, of silicon, is 
also noticed in nitrogen and phosphorus. Nitrogen compounds 
containing two self-linked nitrogens are found in hydrazine and its 
derivatives, in the azo compounds etc. Three self-linked nitrogens 
are present in the azides. Unstable compounds containing eight 
nitrogen atoms linked together have also been prepared. Four 
phosphorus atoms are self-linked in the P,-molecule. However, 
thatthe N—N and P—P bonds are much more unstable than the 
C— C bond, is evident from the following bond-energy data : 


N—N 20.0 Kcals/mole, 
P—P 18.9 Kcals/mole, 
C—C 58.6 Keals/mole. 


Electron donor characteristics: In the compounds of these 
elements in the tripositive oxidation state, the two ns-electrons are 
not involved in bonding and are called the Jone pair of electrons. 
Such compounds exhibit a tendency to act as election-pair donors 
towards appropriate positively charged metal ions, forming co- 
ordinate covalent linkage (see Vol. I, page 289). Nitrogen com- 
pounds show greatest donor capacity which falls off rapidly with the 
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increase in atomic number and decrease in electronegativity, and is 
totally absent in bismuth. Nitrogen shows maximum donor ability 
in the form of ammonia and its various derivatives. Among the 
halides of the general formula RX; (where R=N, P, As and X=F, 
Cl, Br, I), the donor capacity falls off as the electronegativity of 
the halogen increases. This is because of the increased attraction of 
the bond-pair of the R—X bond towards the halogen atom, which 
results in the much more tight binding of the lone pair on the R 
atom and makes the lone pair less av. 
acceptor centre. 


ailable for co-ordination to an 


Chemical reactivity : Chemical reactivity of these elements do 
notshow any regular variation with atomic number. Nitrogen, 
inspite of its highly electronegative character, is chemically rather 
unreactive. Only at very high temperatures, it combines with highly 
electropositive elements like Li, Ме, · Са and Al, forming the 
corresponding nitrides. It reacts with oxygen only at the very 
high temperatures (2500°C and above) produced by an electric arc 
and forms nitric oxide. This reaction is the basis of fixation 
of nitrogen by the Birkeland and Eyde Process and also for 
the fixation of nitrogen in the upper atmosphere under the influence 
of lightning discharge. The reason of this rather unexpected Jack 
of reactivity of elemental nitrogen lies in the ex 
the nitrogen molecule, N=N, as reflected in its 
energy of 225.2 Kcals/mole. 


treme stability of 
high dissociation 


White phosphorus is extremely reactive and reacts readily with 
oxygen, probably because the P—O bond is much more Stable than 
the P—P bond present in elemental white Phosphorus. The other 
forms of phosphorus are much less reactive for reasons to be 
discussed later. 


As, Sb and Bi are unreactive and combines wit 


h oxygen, only 
on heating, to form their oxides. 


None of the elements decompose water under ordinary conditions 
or even on boiling. 


Combination with metals: All the members of Gr. УВ combines 
with strongly electropositive metals. Nitrogen combines with Li, 
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Mg and Ca forming the nitrides Там, Mg,N, and Сар. 
Phosphorus forms calcium phosphide, Ca;P,, while arsenic forms 
arsenides like sodium arsenide, Ма,Аѕ, and antimony yields anti- 
monides like 2135, : bismuth is found to yield bimuthides, such 
as Mg;Bi,. T 


Hydrides: All the members of this group form hydrides of the 
general formula RH,. The variation of some important properties 


of these hydrides with the change in atomic numbers are represented 
in the following manner : 


(i) Ionic character, 
Gi) Reducing character. | Increases 
E ea: —— 
(iii) Acidic character. 


NH, РН, AsH, SbH, BiH, 


i (iv) Thermal stability. 
ncreases : 
ee (у) Hydrogen bonding 
(vi) Chemical stability 
DNI a AEN 


In all these hydrides, the УВ elemen 
oxidation state because hydrogen is mo 


character increasing from МН, to BiH;. 


Ammonia, NH;, the hydride of nitrogen is 
forms salts with both strong (NB,CI) and weak 
Phosphine, PH, is much weakly basic tha 
phosphonium halides, PH,X, on reaction with strong acids like 
HCI, HBr etc. The basic character is almost non-existent in AsH;, 
SbH; and BiH;, decreasing in that Order. The hydrides of P, As, Sb 
and Bi are strong reducing agents. The reducing character increases 
from P to Bi, and is due to the increase jn electropositive character 
of the elements which parallels the decrease in Stability of these 
hydrides. Hydrogen bonding characteristics decrease from NH; to 
BiH, as a result of gradual decrease in electronepativity in that 
direction. 


distinctly basic and 
acids [(NH,),CO,]: 
n NH, and forms 
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Halides: Two different types of halides, the trihalides (RX;) 


and the pentahalides (RX;), formed by the elements of this group 
are given below : 


Elements N P As Sb Bi 
Trihalides NF; PF, AsF; SbF; BiF; 
NCI, PCI, AsCl; SbCl, ВІСІ, 
РВг; AsBr, SbBr; BiBr, 
PI, AsIs SbI, Bil; 
Pentahalides = PF; AsF; SbF; BiF, 
PCI; AsCl; SbCl, 
РВг; i 


The trihalides : Except NBr, and М№І,, all the trihalides are well 
established. The trihalides are primarily covalent in nature, with. 
ionic character increasing from nitrogen halides to the bismuth 
halides, due to the increase in electropositive character. All these 
halides have a tetrahedral or pyramidal structure, with the central. 
element being present in an sp*-hybrid state and the lone pair 
occupying one corner of the tetrahedron and inducing some 
pyramidal character due to considerable lone pair-bond pair 
repulsion (VSEPR theory, Vol. I. p. 148-49). 


All the trihalides are hydrolysed in 'aqueous solution, excepting. 
NF;. The reason of hydrolytic stability of NF, and the lability 
e NCI, may be explained as follows: The first step of a hydrolytic 
reaction involves the formation of at least one extra bond of the 
reacting molecule with water molecules, involving either the central. 
atom or the halide. Tn the case of NCl;, СІ is capable of expanding 
its octet by utilising its ‘d’-orbitals while N or F in МЕ; are 
incapable of doing so, 


Thus, NCI, (and not NE;) undergoes hydrolysis, and’ may Бе. 
represented as : 
| CIN- CH-OH, S CIN CI 
+ T 
EU ed 
Y 
NH;+HOCL. 
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The trihalides of P, As, Sb and Bi undergo hydrolysis because all 
of them can use their d-orbitals to expand their octets. The 
hydrolytic reactions of the trihalides are given below : 


NC + ЗНО = NH, + 3HOCI 
PC] + ЗЊО = HPO, + зна 
· АзС + ЗЊО = HAsO, + 3HCI 
SbCl + H,O = SbOCI|-4- 2HCI 


BiCl + H,O = ВІОСІ ү + 2HCI 
Sb and Bi yield oxyhalids which аге precipitated and contain the 
SbO* and BiO* ions. The oxo-cations are formed due to the 
highy acidic nature of the Sb*? and Ві+з cations which act with a 
water molecule as follows : 
568 + H,O = Sbo* T2H* 
Bi? + НО = во» + 2H* 

The pentahalides : Nitrogen bein 
period cannot use outer ‘d’ 
pentahalides because of non-av 
orbitals. But, all the subseque 
hybrid bonds (see Vel. I. p. 156-5 
before. These pentahalides pos; 
(cf. PCl; ; see Vol. I. p. 150). 

They are completely hydrolysed in a 
the corresponding highest oxyacids : 

РС + 460 = HPO, + 5HCI 
AsCl; + 4H,0 = H3AsO, + 5HCI 
Oxides: The formulae of the oxides formed 


5 а member of the first short 
orbitals and hence cannot form 
ailability of required number of 
nt elements can form five ѕрза? 
7) and form pentahalides mentioned 
Sess a trigonal bipyramidal structure 


queous solution, yielding 


by the Gr. VB 
elements are given in the following table : 
Nitrogen | Phosphorus Arsenic A | Antimony Bismuth 
NY | 
NO i 
МО POs АзО Sb,0, Bi,O; 
NO; 
or 
ОСЕ] s 
T Р,Ор А; Sb,0; Bi,O; 
25 
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All the members of this group have oxides of the general 
formula R;O; (the trioxides) and К,О; (the pentoxides). Nitrogen 
forms the dioxide МО, or МО, and also the monoxide NO (known 
as nitric oxide) and another oxide, М,О (nitrous oxide). 

The trioxides of N, P and As, (N2O3, P,O, and As,O,) are acidic, 
55,0; is amphoteric, while Bi,O, is distinctly basic. The trioxides 
of N, P and As gives the *ous' acids on dissolution in water. 

The pentoxides are all acidic, but the acidity decreases down the 
group from МО; to Bi,O,. The pentoxides are more strongly 
acidic than the corresponding trioxides because of the increase in 
positive oxidation state of the elements which make them stronger 
electron-acceptors and hence stronger Lewis acids. The pentoxides 
of N, P and As yield the corresponding ‘ic.’ acids on reaction 
with water. 

Oxyacids: All the elements form oxyacids. The known acids 
of these elements are given below : 

H3;N;0s ЕРО, 
(hyponitrous) (hypophosphorous) 
(H,P:0;, pyrophosphorous) 


HNO, HPO, = 
(meta phosphorous) . 
HNO: H,PO, HAsO; 
H,P,0, 
(hypophosphoric) и 


Amphoteric, Insoluble 
insoluble in in water ; 


water. known as 
HNO, H;PO, or Н,Р,О, salts оғ 
(pernitric) (perphosphoric) strong | 
HPO, alkalis like 
(meta) NaOH. 
НО, 
(руго) 


The acid strengths of the ‘ows’ acids and the ‘ic’ acids decrease 
down the group with the increase in atomic number. ri ae 
is the strongest and HBiO, is th¢ weakest oxyacid in the class 
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of the ‘io’ acids. This is also due to the decrease in electronegativity 
in that direction so that, the ease of release of the proton of the 
HO- function of the oxyacid is decreased due to the decrease 
in electron Withdrawing character of the central element, R, 
transmitted through the oxygen of the НОВ group, to the 
electron-pair hoiding the hydrogen and the oxygen together. Again, 
the ‘ic’ acids are stronger than the corresponding ‘ous’ acids due to 
the increase in electronegativity of the central element due to its 
higher positive oxidation state and also due to the presence of a 
larger number of highly electronegative oxygen atoms. Thus, HNO, 
is much stronger than HNO,, and H;PO, is Stronger than H;PO,. 


Sulphides : Except nitrogen, all the other elements form sulphides. 
Electronégativity of nitrogen is higher than that of sulphur and hence; 
compounds of nitrogen and sulphur are better represented as sulphur 
nitrides: The known sulphides of P, As, Sb and Bi are : 


As,S, 5 Sb)S, 
P,S3 As,S, Sb;S, Bi,S, 
PaSio AS;S; Sb,S; 


The stability of the sulphides increases and their acidity decreases 
with the increase in atomic number due to the increase in electro- 
positive character from N to Bi. Thus, the sulphides of P, As and Sb 
are soluble in ammonium polysulphide, but bismuth sulphide (which 
is basic) is not. This is the basis of Separation of Gr. ITA and 
Gr IIB (of analytical chemistry) sulphides by treatment of the 
sulphide mixture (containing HgS, Cus, PbS, Ві,5, CdS and As,Sz, 
56,5, and SnS) with yellow ammonium sulphide in which only As,S3; 
Sb,S, and 515, dissolve, forming the corresponding thio-salts, 


THE INDIVIDUAL ELEMENTS OF Gr, vp, 


NITROGEN. 


As already noted at the begining of this chapter, about 80% of- 
the atmospheric air is elemental nitrogen. In the Combined state, 
it occurs mostly as nitrate in sodium and Potassium nitrates. Coal, 
on distillation, yields ammonia and hence is an important source of 
nitrogen. It is an essential constituent of all kinds of living matter, 
being present as proteins containg appoximately 16% nitrogen. 
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Special characteristics of nitrogen. 

As the first member of a periodic group (VB), nitrogen differs 
considerably from the other elements of this group. The reason 
underlying such differences are : 

(i Small size and high electronegativity. 

Gi) Non-availability of *d"-orbitals for the expansion of its 

octet due to its low atomic number. 

(iii) The extreme stability of the NN linkage. 

(iv) Extensive participation in hydrogen bonding due to its very 

high electronegativity. 

For all practical purposes, nitrogen is obtained from air (by 
fractional evaporation of liquid air) and all the methods leading to 
its preparation from nitrogeneous compounds are almost of no 
practical utility. However, the following methods may be just 
mentioned : 

1. Nitrogen from ammonium nitrite: On heating a mixture of 
Sodium nitrite and ammonium chloride, ammonium nitrite is 
produced in situ which, being thermally unstable, decomposes into 
nitrogen and water : 

NH,Cl+NaNO,=NH,NO,-+-NaCl 8 
NH,NO,—N, 1 +26,0. 

This method is used for the preparation of nitrogen in the 
laboratory, where the issuing gas is collected by thc. downward 
displacement of water, 

2. Nitrogen from ammonia or an organic compound containing 
nitrogen: On heating a mixture of an organic compound and CuO 
im а combustion tube, ог by passing ammonia over heated CuO, 
Nitrogen is set free : i 

2NH; +3Cu0 =N; +3H,O+3Cu. 

Tt is better to’ allow the issuing gas to pass over a red-hot 
Cu-gauge, when any trace of N;O, that many be formed, 45 reduced Я 
to nitrogen : 

N,O--Cu- CuO--N; 

This is the basis of estimation of nitrogen by Dumas method, 

the combustion being done in a current of CO, (which drives the 
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liberated N; out of the combustion tube) and N, is collected over 


50% KOH soln. in a nitrometer. KOH absorbs all CO, leaving free 
nitrogen. А 


Nitrogen from air: Atomospheric air is first purified and then 
liquified by standard processes. The liquid air is then subjected to 
fractional distillation, when the more volatile nitrogen (b.p. — 196°) 
distils over first (for details see p. 314 —316, Volume I). 


Physical properties : Nitrogen is a colourless, odourless and 
tasteless gas, which is neither combustible nor a supporter of 
combustion. It does not help respiration, but is not poisonous. It 
is liquified below—195.7°C and solidifies below —209.9*C. Nitrogen 
consists of two isotopes МИ and №5, the ratio of № : М5 being 
22 272. The № isotope is frequently used as a tracer. 


Chemical properties : Nitrogen is a diatomic gas which is rather 
inert in character. The inter-nuclear distance in the nitrogen 
molecule (N;), is 1.095À and it has a triple bonded structure : | 

МИМ ог :NsN: 

The ‘heat of dissociation of the nitrogen molecule is very high : 

N,(g) = 2N(g), A=225.8 Kcals/mole. 


Even at 3000°C, the extent of dissociation is small. This indicates 
the extreme stability of the nitrogen molecule and is the main reason 
of its lack of pronounced chemical reactivity. 


Active nitrogen: As already stated, elemental nitrogen 15 comparatively inert. 
However, an active variety of nitrogen is produced by passing electric discharg® 
through gaseous nitrogen at low pressures. This so-called active nitrogen is highly 
reactive and reacts with several elements, forming unusual products, Thus, it reacts 
with hydrocarbons and produces HCN. It reacts with mercury and phosphorus 
arsenic and sodium vapours, producing the corresponding nitrides, 

The actual nature of active nitrogen is not known with certainty. It has bee? 
established that it contains some atomic nitrogen existing in an excited or activated 
state, After the stoppage of electric discharge, a yellow glow is observed which is 
probably due to the de-excitation of the active atomic nitrogen and their recombi- 
mation into nitrogen molecules. 

Reaction of nitrogen with different types of elements: Thou£b 
much less reactive than the other gaseous elements like hydrogen: 
oxygen and the first two halogens, nitrogen is not totally inerte 
and combines with several elements under suitable conditions. 
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NITRIDES. 

Nitrides are the binary compounds of nitrogen with elements 
of less electronegative character than nitrogen itself. Thus, nitrogen 
forms nitrides with the strongly electropositive metals, with some 
of the transition metals and with non-metals like B, C, P, and S and 
of course, with hydrogn. The nitrides may also be visualised as 
the derivatives of ammonia where all the hydrogen are replaced by 
metals or other -elements of greater electropositive character than 
nitrogen. 

Classification of nitrides: The properties of the nitrides vary 
widely and are largely influenced by the nature of the linkage between 
the metal (or non-metal) and nitrogen, which is governed by the 
nature of that metal or non-metal present in combination with 
nitrogen. Depending on their properties, the nitrides are classified, 
just like the hydrides, into (i) ionic, (ii) covalent and (iii) inter- 
stitial or metallic nitrides. 

(i) Tonic nitrides: These nitrides contains the N° ion and are 
formed by lithium and copper (I) of group I and by all the members 
of group II of the Periodic Table. The general method of prepara- 
tion of these nitrides is the direct combination of nitrogen and the 
metal at high temperatures : 


о 


6Li+N, 


= 21433 ; 
~500°C 
ЗМ –ММ, [M=Mg, Ca, Sr, Ba]. 
The ionic nitrides are crystalline ionic solids with high melting 
Points. They are hydrolysed by water, forming the metal hydroxide, 
and liberating ammonia : 
LisN-+3H,O0=3LiOH+ NHs(g) ; 
M5N;--6H,0—3M(OH);--2NH;(g) 
[M=Mg, Ca, Sr, Ba]. 
Some more important reactions of ionic nitrides, represented by 
magnesium nitride, are given in fig. 16:1. 
(8) Covalent nitrides : The covalent nitrides include the volatile 
nitrides of the non-metals like hydrogen, carbon, silicon, phosphorus, 
sulphur etc. and the non-volatile nitrides of boron and aluminium, 


8 


114 CHEMISTRY 


NH,+Mg (OH), 


N,rMgX?tHX c MgCl;* NH4CI 
LA ad 10S 
Ae SN : c 
TM D (io 
Mg N2 
coc ~ МО 
ZAR 3 M 
а ој S 25 
` муо+м,+с |2 = mgo+co+n, 
< m 
MgH2+NH3 


Fig. 16-1 
The more general methods for the Preparation of the covalent 
nitrides include the following : 


(a) By heating of the amides, 


heat 
B(NH,)s— BN +-2NH,(8),. 
Qu NHs eat 
BICI, ——> Si(NH,), —-> Na. 
(b By heating the oxides of the elements with carbon in an 
atmosphere of nitrogen, 
Al,0;+3C+N,->2AIN+3C0, 
(c) By heating the metal in a current of NO, 
5B--3NO- B,0,--3BN. 

All these nitrides are covalent in character an 
meric in nature. The От. ША nitrides, 
cules, with structures comparable to 
carbon, which arise out of the fact that one Gr, HI atom and one 
Gr. V atom together are equivalent to two Gr, Ту atoms. Thus, 
boron nitride, BN, exists in two forms Structurally similar to gráphite 
and diamond. The graphite form of boron nitride is sometimes called 
inorganic graphite. It is made up of layers Obl planar Боа 
units made up of alternate boron and nitrogen atome non bonds 
length being 1.454. Two adjacent layers or sheets are situated 
3.34À apart and аге held together by van der Waal’s forces. Thé 


d are usually mono- 
BN and AIN, are giant mole- 
those of different forms of 
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diamond form of boron nitride has a structure analogous to diamond 
and is one of the hardest substances, harder even than diamond itself, 


(iii) Interstitial nitrides : These nitrides are formed by the direct 
reaction of nitrogen with finely divided transition metals at 1100° 
—1200°C temperature. They include nitrides of the type MN, where 
Misa transition metal of Grs. IITA, IVA and VA. Some examples 
are ScN, LaN, TiN, ZrN etc. Some other- nitrides like W;N, MoN, 
Mn,N and Fe,N are also known. In these interstitial nitrides, the 
nitrogen atoms are contained in the interstices of the metallic 
lattice. All. these nitrides resemble the interstitial carbides, and are 
very hard, with high melting points and exhibit good electrical con- 
ductivity. The interstitial ‘nitrides are chemically inert and deviate 
from normal stoichiometry. 


HYDRIDES : AMMONIA (NH;)—Manufacture on a large scale. 


Large scale manufacture of ammonia ‘is mostly done by the 
Haber's process. This process.is based on the direct combination 
between the elements hydrogen and nitrogen according to the 
following iis es i 

Н = 2NH,; AH=-122 Kcals/mole. 

1 vol. 3 vols. 2 vols. 

This is a reversible and exothermic reaction, in which contraction 
in volume takes place due to the forward reaction. 


Physico-chemical principles underlying this process of manu- 
facturing ammonia can be clearly understood by applying the Le 
Chatelier’s Principle of labile equilibrium, which states. that, wheneyer 
а System ар equilibrium is subjected to a stress (such as change in 
Pressure, temperature and concentration), it reacts in a drection 
which tends to relieve itself of that stress. 

Effect of temperature on the synthesis of ammonia: Since this 
Teaction is an exothermic one, the yield of ammonia would increase 
at lower temperatures, However, the rate of a reaction is primarily 
‘dependent on the temperature of the reaction and, on ап average, 
the rate of a reaction is nearly doubled by a 10°C rise of the reaction- 
temperature. In industry, not only the yield but also the time 
required to reach the equilibrium is of gteat importance. At a 
very low temperature, the yield will be high but, at the same time, 
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the time involved will be very long, which is not economical 
in industrial processes. Thus, it is essential to strike a balance 
between the loss in yield and gain in the time-element, and for every 
exothermic reaction utilised for large scale manufacture, there isan - 
optimum temperature, around which it can be worked profitably. 

Influence of a catalyst : It is well known that a suitable catalyst 
is capable of tremendously influencing the speed of a chemical 
reaction, but it cannot alter the position of the equilibrium, Hence, 
a catalyst can take care of the time-element involved in a reaction. 
Thus, the optimum temperature of an exothermic reaction will 
depend on the efficiency ofthe catalyst being used. For Haber’s 
process of ammonia synthesis, the catalyst used is an iron catalyst · 
promoted with molybdenum or oxides of potassium and aluminium. 
The optimum temperature for this reaction is 550°C. 

Influence.of pressure : Since this reaction involves a decrease in 
volume (4 vols. to 2 vols.), it is quite evident that an increase of 
pressure will increase the yield. The table given below represents 
the variation of yield of ammonia with pressure and temperature : 


Percent yield of ammonia at different 
temperatures and pressures. 


Pressure in atmospheres 


Temp. 
(C) 10 50 100 300 600 
— e rene 
gh WE = 


14.73% 39.41% 52.04% 70.96% 84,21 


3.85 ,, 15.27 „ 25.12 „ 47.00 ,, 65.20 


Иби ЈЕЛЕ 
2,10 „ 928 ,, 16.50 ,, 3600, | 5400 


1215 5.56 „ 10.61, | 2644, | 4215 


CIRCE 
076 „ 421 ,, 6.80 ,, 19.00, | 32.00 


500 
dis RT | 56 4.52 
n 049 „ 


218, 
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In Haber's process, the pressure employed is 200 atmospheres, and 
though a higher pressure could have increased the yield considerably, 
the above pressure is quite adequate from economic point of view. 
The use of higher pressure involves serious technical problems and 
sharp increase in expenditure. 


Actual process of manufacture of ammonia. S 

(a) Raw materials: The raw materials used in this process are : 
Pure and dry (i) hydrogen and (ii) nitrogen. Hydrogen is 
obtained by (a) electrolysis of water (where cheap electricity is 


_ available), (b). by the steam-iron process in which steam is passed 


over red-hot iron, or (c) from water gas. Nitrogen is obtained 
by (a) fractional evaporation of liquid air, or (b) from 
producer gas. 


At Sindri, the largest ammonia manufacturing unit in our 
country, the raw materials, N, and Н,, are obtained by the Bosch 
process using coke, air and water. The H, and N, produced, (after 
drying)are converted into NH; by the Haber process and hence, 
this Indian process of manufacture of NH, gas goes by the name 
Haber-Bosch process. 


Water gas (CO+H,) is produced by the action of steam on red 
hot coke (see vol. II р. 50). Producer gas (СО--№), generated by 
passing air over red-hot coke, is mixed with water gas in required 
proportions and the mixture, along with excess steam, is passed 
through a chamber containing the heated catalyst at 450°C. This 
catalyst isa mixture of FeO, and Cr,O;, and itsfunction is to 
oxidise СО to CO, by the reaction, CO-+-H,O=CO,+H:, whereby 
hydrogen is produced from steam. The issuing gases, containing Му, 
H», CO, and traces of CO, are first passed through towers containing 
Waterat high pressure, where CO, is absorbed. It is then passed 
through ammoniacal cuprous formate solution under 200 atmos- 
pheres, when the lasttraces of CO are removed. The gas-mixture 
comming out contains pure N, and Н, in 1: 3 ratio and are dried by 
passing through soda-lime chambers. This is known as the synthesis 
gas. 

(b) Synthesis of NH, from N, and Н: The above gas-mixture 
is compressed tó 200 atmospheric pressure by compression pumps 
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and is fed into the tubular catalyst chamber or reactor made of 
chrome-vanadium steel, fitted with perforated trays or shelves 
containing the catalyst and promoters. The catalyst chamber is 
electrically preheated to a temperature of 550°C (optimum 
temperature). The synthesis gas is first circulated around the 
catalyst chamber kept at 550°C, whereby it attains the temperature 
of the catalyst chamber, and is then passed through the catalyst 
when the reaction, N;--3H; == 2МН;, takes place, producing about 
12% ammonia. This mixture, containing NH, and unreacted № 
and H;, is then allowed to pass out for the collection of NH, and 
more synthesis gas is pumped into the catalyst chamber. 

Once the reaction is started, no external heating is necessary, 
the heat of reaction maintains the Tequired temperature in the 
catalyst chamber. 

The gases coming out of the catalyst chamber (containing 12% 
NH, and the rest unconverted N, and H,) are passed through 
cooling coils and then either (i) liquified by the application of pres- 
sure to yield liquid ammonia, or (ii) absorbed in water, producing 
concentrated aqueous solution of ammonia, 


which is commercially 
called liquor ammonia. 


The unreacted hydrogen and nitrogen are not affected by any of 
the above two procedures, and are passed through driers, mixed with 
fresh nitrogen and hydrogen, compressed to 200 atmospheres and 


re-cycled. This makes the production of ammonia a continuous 
process. 


Other methods of obtaining ammonia on large scale. 


(a) Ammonia is also manufactured by the cyanamide process. 
In the first step, calcium carbide (CaC,) is prepared by reacting coke 
with quicklime, CaO, (obtained by the calcination of limestone, 
CaCO)) in an electric arc furnace at 2100— 2200°С : 
heat 
CaCO, —— CaO-- CO, 
limestone quicklime 


Сао+3С ~ CaC,-CO 


calcium carbide 
The calcium carbide is then cooled to ~ 1100°C and nitrogen is 
passed through it, when CaC, reacts with nitrogen, forming calcium 


cyanamide and free carbon: CaC,+N,=CaCN,+C. 
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The grey mass obtained is known as nitrolim. Any unconverted 
CaC, is decomposed with water in order to prevent ammonia being 
contaminated with acetylene. 

Calcium cyanamide is then hydrolysed with superheated steam at 
110°—115°C under 5—7 atmospheric pressure, when ammonia and 
calcium carbonate are produced. The hydrolysis reaction is 
exothermic in nature. 


CaCN:+3H,0=2NH,;+CaCO;-+heat. 


This method of manufacture of ammonia is not used at present, 
but nitrolim is still used directly as a fertilizer. 


(b) Ammonia as a bye-product of destractive distillation of coal. 
During the manufacture of coal gas from bituminous coal by its 
destructive distillation, the aqueous distillate, collected along with 
the coal tar, contains considerable amount of ammonia. Steam is 
passed through this aqueous solution, when most of the NH; comes 
off. with the steam. The residual solution is then heated with milk 
of lime to drive out the remaining ammonia. Ammonia produced 
in this method is generally absorbed in 60% sulphuric acid to 
produce ammonium sulphate solution : 


2NH;-- H,S0,—(NHj)SO.. 
This is then evaporated to crystallisation and is widely used as a 
nitrogenous fertiliser. 


Properties of ammonia : Ammonia is a colourless gas, lighter 
than air and possesses a characteristic pungent smell. As its critical 
- temperature is rather high (32.5°C), it is easily liquified by the appli- 
cation of pressure alone. The b.p. of liquid ammonia is —33'C and 
the liquid freezes at — 77,8°С to a crystalline white solid. It is extre- 
mely soluble in water (at 0°C, 1 vol. of water dissolves 1175 vols. 
of ammionia) In aqueous solution, ammonia is present in the 
hydrated state, with the water molecules linked to the ammonia 
molecule through hydrogen bonding, 


H 
он: NH 
4 X 


H H 
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Structure of the ammonia molecule, 


Ammonia is a covalent compound, and it has been found experi- 
mentally that it has a pyramidal Structure, in which the H—N—H 
bond angle is 107°. This 

k hays He structure of ammonia, 
CERCUNDISTALE) treated as a AX, type 
: molecule, has been given 

р in vol. 1, Chapter Ш, 

P. 148-49, under the 


IIEREREN discussi VSEPR 
[51] iscussion on 


Feur sp?- hybrid theory. It can also be 

erbilals explained using the prin- 

Lone pair. ^ ciple of orbital hybri- 

А d disation (Fig.16:2). The 
ПЦ ПИ ИЕ | dotted arrows represent 
(the delit arre represent um electrons supplied 
hydrogen atoms) y the hydrogen atoms. 

Fig. 162 As we have seen in 


the case of sp?-hybridi- 
Sed carbon, the H—N—H angles should be 109°28’, and the mole- 


cule is tetrahedral. However, the actual structure of the ammonia 
molecules assumes pyramidal nature due to lone-pair-bond-pair 
repulsion. 


Basic character of ammonia: The Structure of ammonia, dis- 
cussed just now, clearly indicates its inherent basic character, because 
of the presence of a lone-pair of electrons in one of the sp?-hybrid 
orbitals, which it can easily donate to an electron-pair acceptor ог 
Lewis acid (see Chapter III p. 223). Again, since the capacity of 
donating one or more lone-pairs to a suitable acceptor (a metal ion 
M+”) determines the capacity of a donor for complex formation, 
ammonia can act as a good neutral monodentate ligand molecule (see 
vol. I, р. 280). Thus, ammonia forms a large number of complexes 
with transition and ,non-transition metal ions, known as the ammine 
complexes (See Table 7.2., vol. I, p. 284). 


Since the NH; molecule is a stronger Lewis base than the water 
molecule, in aqueous solution it undergoes the acid-base reaction : 
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St 5+ + = 
HN: “HO —H === NH, + :O—H 


However, as ammonia is a rather weak base, this equilibrium is 
predominantly displaced towards the left. 

The basic character of ammonia in water solution is due to the 
generation of :OH- ions as shown just now. This is clearly 
indicated by the precipitation of the hydroxides of many metals 
from the aqueous solution of their salts by the addition of aqueous 
ammonia or passing ammonia gas through the solutions. 

MCI,+3NH,;+3H,0-M(OH), | +3NH,Cl, 
where M=AI*5, Cr*?, Fet etc. 


Hydrogen bonding in liquid ammonia. 

Being one of the most electro-negative elements in the Periodic 
"Table, nitrogen participates in hydrogen bonding (See Ch. III, vol. I, 
p. 175), leading to molecular association in the liquid state, which 
may be represented as : 

H H H 


| | | 
ои и 
H H H 


This increase in effective molecular weight of ammonia in the 
liquid state is the reason for its higher m.p., b.p. surface,tension, 
viscosity, dielectric constant etc. in relation to the comparable 
hydrides (PH,, AsH, and SbH,) of the other members of this group, 
in which there can be no hydrogen bonding due to less electro- 
negative character of the central elements. 


Reducing character: Ammonia is not a good reducing agent, 
because in the N—H bond, the hydrogen end is positive and hence, 
when this bond is broken, hydrogen will not generally be liberated 
as Н” or even as H-atom, which are the actual reducing agents. 
But, in the case of the hydrides of the heavier members (M) of this 
group, the M—H bond is either purely covalent or ionic, with 
slight negative charge accumulating on the hydrogen end-and hence, 
they are reducing in character. 
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Laboratory method of preparation of ammonia. 


Ammonia is prepared in the laboratory by heating an ammonium 
salt with a base stronger than ammonia itself : NH,X+OH--NH;+ 
H,O--X-. This is a case of the stronger Lewis base OH- displacing 
the weaker NH, from its compound. Generally, slaked lime is 
used as the base and МНАСТ as the ammonium salt: 2NH,Cl+ 
Ca(OH),=2NH,+ CaCl,+2H,0. 


Liquid ammonia and some of its special characteristics, 


As alreadly described in the Process of manufacture of ammonia 
by the Haber-Bosch process, liquid ammonia is obtained by the 
application of pressure on МН, gas, keeping the temperature below 
the critical temperature (32.5°C). 

Liquid ammonia has a rather high dielectric constant like water 
and hence, is capable of Overcoming the forces of electrostatic 
attraction holding together the cations and the anions in the crystal 
lattice of ionic compounds or electrolytes. Thus, it dissolves many 
salts like halides, cyanides, thiocyanates, Nitrates, nitrites etc. and 
the solutions conduct electricity. The role of ammonia as à 
medium for the acid-base reactions have been discussed in the 
chapter on acids and bases under the item “solvent-system 
concept” (vol. I, p. 219). 


Solution of some metals in liquid ammonia. 


Unlike water, liquid ammonia is capable of dissolving strongly 
reducing metals (like the alkali and the alkaline earths) without 
chemical reaction. Thus, alkali metals readily dissolve in liquid 
ammonia, producing blue solutions with Strong reducing property- 
On evaporation of these Solutions, the metals can be recovered. 
The solubility of the alkaline earth metals (Mg; Ca, Sr etc.) are less 
than that of the alkali metals, and the solid obtained by evaporation 
of ammonia consists of the unstable metal ammoniates, M(NHs)e 
These solutions conduct electricity, which is attributed to the 
presence of mobile ааа. electrons generated due to the exis 

owing equilibrium processes : 
tence of the following NE UMS 
Mt+xNH;=M(NH,),.* 
e--++-yNH;=e (NH), ` 
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This can explain both the conductance and the reducing character 
of such solutions. It has also been found that the anion is the same, 
even when different metals are.dissolved in liquid ammonia. ; 

Non-metals like phosphorus, sulphur and selenium are also 
soluble in liquid ammonia to some extent and their solubility may 
be attributed to their reactions with the solvent. 

Uses of ammonia: (а) Liquid ammonia is widely used in 
refrigeration because of its large heat of evaporation. 

(b) Ammonia is used for the manufacture of nitrogenous and 
phosphatic fertilizers in the form of ammonium sulphate, ammonium. 
nitrate, calcium ammonium nitrate, ammoniated superphosphate etc. 
МН,СІ is largely used in the manufacture of dry cells. Ammonia 
itself is used in the manufacture of soda ash by the Solvay process. 
Ammonium salts are also used in medicine, and NH,NO; in 
explosives. 

(c) It is also used as a ready source of hydrogen. As ammonia 
contains 14 times it own volume of nitrogen, the catalytic decomposi- 
tion of ammonia generates large volume of hydrogen which is used 
for welding by oxy-hydrogen torch. 

(d) Asan aqueous solution (in which NH, exists as NH,O8), 
it is used as a reagent in both qualitative and quantitative analysis. 


SALTS OF AMMONIA WITH ACIDS—THE AMMONIUM SALTS. 


Since ammonia is fairly basic, containing one lone-pair of 
electrons, it reacts with protonic acids, leading to the formation of 
ammonium salts (see vol. I. p. 224). 

NH;--HX-NH,X, 

(X=Cl, Br, I, NO, МО; etc.). 
2NH;--H;SO,— (NH4); 50, ; 
2NH;4-CO;--H,O—(NH4COs- 

Ammonium sulphate and ammonium nitrate 
prea; calcium nitrate and nitrolim) find wide use in agr 
nitrogenous fertilizers. 


(along with 
jculture as 


If sulphuric acid is easily 
cid and the resultant 
d to crystallisation 


5 Manufacture of ammonium sulphate : 
available, gaseous ammonia js passed into. the a 
solution of ammonium sulphate is evaporate 
to prepare (NH,),SO, on a large scale: 
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It reduces Fehling’s solution, producing cuprous oxide : 

4Cu** +NH,.NH:— 4Cu*--4H*--N,. 

Uses: Hydrazine is used as a rocket fuel. It is widely used in 
organic chemistry as a reagent and also in pharmaceutical industry 
to synthesise variousderivatives of hydrazine used as antituberculosis 
drugs, blood pressure depressants and nerve-soothing drugs. 

Structure: The structure of hydrazine is similar to that of 
hydrogen peroxide, which may be represented as : 


D 


208 
yo 
et oo LUE fee 
N:N: yOPN aN 
E ^H у 4 N 
H H 


Hydrazoic acid, HN: Hydrazoic acid is best prepared from 
its sodium salt, which is obtained in 90% yield by the action of 
nitrous oxide on sodamide at 190°C : 


2NaNH,-F-N,O —NaN;--NaOH -4-NH;, 
the completion of the reaction being indicated by the stoppage of 
ammonia evolution. The resultant mass is cooled and distilled 
with dilute sulphuric acid to produce dilute hydrazoic acid. This 
is again distilled in presence of fused calcium chloride to yield 
anhydrous HN. 


Pure hydrazoic acid is a colourless liquid, boiling at 37°С and 
melting at —80°C. It is extremely toxic and highly explosive, 
decomposing into the elements with the evolution of considerable 
heat: 2HN,=3N.+H2;(AH=—123 Keals/mole) ` 

It is a weak acid (K,~10-5) and forms many metallic salts- 
The heavy metal azides like lead, barium and mercury azides are 
highly explosive and are used as detonators, The azide ion, Ns? 
exhibits similarity to the halide ions and 5 recognised as 4 
pseudohalide. The hydrazoic acid and its salts are not good 
reducing agents and are oxidised only by strong oxidising agents 
like KMnO, and ceric salts. Oxidation with ceric salts is quantitative 
and is utilised for the estimation of azides : 


- се" +2Ма =2Ce**+.3N,. 


GROUP VB ELEMENTS : THE NITROGEN FAMILY 127 


Reaction with iodine is also quantitative in presence of a catalyst 
like thiosulphate or sulphide: 1,-+-2HN;=2HI-+-3Ng. 
Structure : Hydrazoic acid has a bent structure with the H-N-N 
angle of 110°52’ and the three nitrogens arranged in a linear fashion : 
VS Re d 3 se А _ 113A AL. 
HINIDNÍÍN: —OHLCN——A—N: | уд У 
3 cs SLAs 
у о 
н 
However, the azideion, Му, is found to have a symmetrical 
linear structure and is best represented as a resonance hybrid of 
the following type : 


= Ac -= + 


55 ил bi az 85 · 
19 == М== №4: NS=N—N:<—+:N—N=N; 


Uses of hydrazoic acid: As salts of heavy metals [e.g. lead azide, 
Pb(N3),], it is used as detonators in high explosives. i 


Hydroxylamine, NH;OH : This may be considered as а derivative 
of ammonia, where one hydrogen is replaced by an OH group. 

Preparation: This is generally prepared by the controlled 
reduction of a nitrite by sulphur dioxide, whén hydroxyl amine 
sodium sulphonate is formed which, on hydrolysis, yields hydroxyl 
amine. 


A. concentrated solution of sodium nitrite (1 mole) is mixed with 
a concentrated solution of sodium carbonate (3 moles) The 
mixture is cooled in ice and SO, gas is passed through it until the 
solution becomes just acidic. The temperatyte of the reaction- 
mixture is always kept below 0°C.  Hydroxylamine is formed 
according to the following reactions : 

= ` 1 
NO + HSO, — HO,SNO "P HOS, NOH => NH,OH.HCI 


nitroso nitroso . hydroxylamine 
sulphonic acid аіѕшрћопіс acid hydrochloride 


The solution of NH,OH.HCI, containing HsSO, generated by the 
hydrolysis of (HO,S),NOH, is first. treated with BaCl, solution to 
remove the sulphate. It is then evaporated and the residue is 
extracted with alcohol, in which NH,OH.HCI is highly soluble. This 
solution yields crystals of NH,OH.HCI on evaporation. · Free 
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hydroxylamine can be generated easily by treating the methanolic 
solution of NH,OH.HCl with calculated quantity of KOH in 
methanol and filtering off the precipitated KCl, 


Properties: The pure compound is a colourless liquid, 
decomposing spontaneously above 0°C. Because of such unstable 
character in the pure state, it is generally handled as the solid salt, 
hydroxylamine hydrochloride. However, its aqueous solutions of 
less than 60% concentration are fairly stable. Above 15°C, it 
decomposes spontaneously into a mixture containing water, 
ammonia, nitrous oxide and nitrogen. 


It isa monoacidic base, weaker than ammonia, and forms salts 


with strong protonic acids like НСІ, H,SO, etc. Its basic character 
is also manifested in the formation of co-ordination complexes in. 


which it acts as a monodentate ligand, donating the lone-pair ор. 


the nitrogen atom. 


Hydroxylamine behaves both as an oxidising and a reducing 
agent. This is probably because of the fact that it may be 
considered to be derived from H,O, by the replacement of one О-Н 
by an —NH, group, or from NH, by the replacement of опе 
H-atom by an O-H group. А 

In neutral or acid solutions, hydroxylamine reduces ferric to 
ferrous and cupric to cuprous, itself being oxidised to N,O in the 
process : 

4FeCl,+2NH,0H—4FeCl,+N,0+4HC1+H,0 5 
4Cu0+2NH:OH=2Cu0+N,0+ 3H,0. 


But, in alkaline solution, hydroxylamine · oxidises ferrous hydroxide 
to the ferric state, itself being reduced to ammonia B 
2Fe(OF)s- E NH,OH+H,0->2Fe(OH), ++ NH. 
Structure: The structure of hydroxylamine follows from the 


structure of ammonia, with one hydrogen atom replaced by an OH 
group, i.e. it has a more or less pyramidal structure : 
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Uses of hydroxylamine : It is generally used (as its hydrochloride) 
as a reagent in organic synthesis and as a reducing agent. 

Halides of nitrogen: Apart from various mixed halides Teported 
from time to time, NF; and NCl, are the two stable and well- 
established halides of nitrogen. NBrz is also formed by the reaction 
of bromine on ammonia at pH less than 6. But, it is very unstable, 
When iodine is dissolved in concentrated ammonia, an unstable 
black compound of composition NI;.NH; is said to be formed. 
Nitrogen does not form any pentahalide due to the absence of 
suitable d-orbitals. 

Nitrogen trifluoride, NF; : This is conveniently obtained by the 
electrolysis of fused ammonium bifluoride, NH,HF,, at 125°C. The 
issuing gas is passed through polythene U-tubes containing solid 
KF (to remove HF), solid MnO, (to convert ozone to oxygen) and 
chilled below —119°C, when NF; is obtained asa liquid. This is 
distilled for purification. 

NF, is a colourless gas boiling at —119°C and freezing at 
—217°C. It is the stablest of all nitrogen halides and is not 
explosive. It is not hydrolysed by water or alkalis. It does not 
attack mercury, nor reacts with glass. 

It is а covalent compound and hence, its dipole moment is very 
small because of the non-polar character of each N—F bond, It 
has a distorted tetrahedral structure similar to that of NH3. 


vit i 
ES 
F 
Nitrogen trichloride, NCl,: This is best obtained by the action 
of chlorine on an ammonium chloride solution below pH 4.4: 
NH,Cl-++3Cl,=NCl,-++4HCl. EN 
Й It isa pale yellow liquid, boiling at 70°С. Unlike МЕ» it is 
vigorously hydrolysed by water for reasons discussed previously. 
Structurally it is similar to NF, but its dipole moment is larger than 
that of NFs, because of the more polar character of N—Cl bond. 
Oxides of nitrogen: The following table contains the formulae; 


names, most important methods of preparation, state of aggregation 
and structure of the oxides of nitrogen : 
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Some important properties of the individual oxides of nitrogen. 

Nitrous oxide (N,O) : (а) On inhalation in large quantities, it 
produces uncontrolled laughter and hence, is known as the laughing 
gas. (b) Compared to the other oxides, N,O is relatively inert. It 
is almost neutral in character and isa supporter of combustion. It 
isalinear molecule and its low dipole moment is explained by the 
resonance between structures I and II as shown in the table. 


Nitric oxide (NO): (а) This oxide is neutral in character. 


(b) It undergoes spontaneous oxidation in air giving NO; : 
2NO+0,=2NO,. It is also readily oxidised by strong oxidising 
agents like KMnO,, К,Сг,О,, the halogens etc. : 

6KMn0,+9H,SO,+ 10NO=3K,SO,+ 6MnSO,+ 10HNO;-+4H,0- 
This reaction is quantitative, and NO is often estimated using 
standard KMnO, soln. (c) It is also reduced rather easily : (i) whe? 
sulphurous acid (SO,-+ water) is used, we get N,O : . 2NO-+-H,SO;= 
N,O--H;SO,; (її) on reduction with Snt? or Cr? ions, the 
product obtained is hydroxylamine : : 
Ѕп+2 


2NO--6H*— —. 2NH,OH, 
Cr? 


(d) Nitric oxide combines directly with halogens to give the 
corresponding nitrosyl halides (NOX) : 
2NO + X, —— 2мох 
halogen ^ nitrosyl halide 
From the counting of the total number of electrons, the NO 
molecule should be an ‘odd-molecule’ with the alternative structures 
I and II (See the Table). 
But, then it would have been paramagnetic and coloured, with 
a tendency to dimerize to pair up the odd electrons. It is much 1657 
reactive than other odd molecules. But, the structure (III) give in 
'the table, [in which an effective three-electron bond (See p. 143-44 
vol. I) is present and which may be visualised to be produced 25? 
result of resonance between the structures I and II] can expla!” 
all the observed properties of NO. Because of its rather unus"? 
electronic structure, the NO molecule is capable of entering into 
chemical combination in three different ways which will be discuss” 
under the nitrosyl compounds. 
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Dinitrogen trioxide (N,O;): This is an acidic oxide and is a 
mixture of NO and NO, at ordinary temperatures. It yields a 
solution of nitrous acid on dissolution in water: МО ЊО= 
2HNO,. 

Nitrogen dioxide (NO,) and dinitrogen tetroxide (N:O,): The 
following temperature-dependent equilibrium exists in this case : 


12°—140° 141°--620° 
N,0, === 230, === 2мо+0, 


NO, is an acidic oxide and reacts with alkalis at 300°C to produce 

pure nitrite (industrial preparation of KNO») : 
NO-+NO,+2KOH=2KNO,+ H;O. 

Due to its high dielectric constant in the liquid state and its 

auto-ionization, N,O,2NO'*--NO;, liquid dinitrogen tetroxide 

is a good solvent for acid-base reactions (see p. 219—220, vol. 1). 

Dinitrogen pentoxide (N.O;) : (а) This is an acidic oxide and 
may be regarded as the anhydride of nitric acid. It acts vigorously 
with water to produce nitric acid : 

N,0;4- HO —2HNO;. 

It acts as a strong oxidant. 

Oxy-acids of nitrogen: The tables at p. 134 & 135 contain the 
formulae, the names, most important method of preparation, the 
state of aggregation and the present accepted structures of the оху" 
acids of nitrogen. 

Some important properties of the individual oxy-acids of nitrogen. 

Hyponitrous acid, H,N,0,—1t is a very weak dibasic acid, 
yielding both acid and normal salts, such as KHN;O: and KjN;O:- 

In aqueous solution, it decomposes irreversibly : 

H,N,O,—N,O--H,O. It behaves as a strong reducing agent. 

Dipole moment (See vol. I, p. 160) of this acid molecule is found 
to be zero. This can be explained by its accepted structure, 
is the trans-form. 

Nitrous acid, HNO,.—It is a weak mon 
undergoes slow decomposition and spontaneous 
and nitric oxide: 3HNO,—HNO;+2NO+H: 
may be viewed as the auto-oxidation or disproportionation 0 


which 


obasic acid which 
ly forms nitric acid 
О. This reaction 
f HNO». 
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It acts both as (i) an oxidising and (ii) a reducing agent. 

(i) It oxidises iodide to iodine in acid solution : 
2HNO,+2I--+-2H*=I,+2NO + +4H,0. 

This reaction is quantitative andis used for the determination of 

nitrite. After treatment with excess KI, the liberated iodine is 

titrated with a standard thiosulphate solution, using starch indicator. 

(i) It reduces strong oxidising agents like KMnO,, К,Сг,0,, НаОз 

etc. Its reaction with КМпо, is given below : 

2KMn0,+ SHNO,+3H,SO,=K,SO,+2MnSO,+ 5HNO,+3H,0. 
Nitrous acid rapidly decomposes.urea and primary aliphatic amines, 
liberating nitrogen : 

H,N.CO.NH,+2HNO,=CO,+2N, + --3H;0 ; 
R-NH,+HNO,=ROH-+N, + +H,0. 
At temperatures 0°—5°C, HNO, reacts with the aromatic amine 
hydrochlorides to produce diazonium salts : 
C,H;NH,.HCI4- HNO, — C,H;N —-N — CI4-2H,0. 
niline Benzene diazonium 
hydrochloride chloride. 

Two types of organic derivatives of nitrous acid are well-known. 
The nitrites, R-O-NO and the nitro-compounds, R-NO, Thus, 
when ethyl bromide is heated with silver nitrite, both nitroethane, 
C,H;NO,, and ethyl nitrite, C,H;ONO, are obtained. 


The accepted structure of nitrous acid involves the tautomerism 
between the forms I and П (See table). It is quite clear that the 
form I yields the nitrite, while the form П is 


responsible for the 
production of the nitro-derivative. 


Nitrites: These are metallic derivatives or salts of nitrous acid 
and, of the large number of known nitrites, 
nitrites are of real importance. 


Method of preparation.—The following are the two general 
methods by which Na- or K-nitrites can be prepared : (i) BY 
heating the corresponding nitrates : 

heat 
2KNO;— —— 2KNO;--0,. 


(ii) Ву dissolving NO and NO; in equimolecular proportion і? 
caustic alkalis: 2KOH +NO+NO,=2KNO,+H,0, 


sodium and potassiu™ 
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The alkali metal nitrites are white crystalline solids, highly 
soluble in water. 

The structure of the nitrite ion is best represented as a resonance 
hybrid of the following two structures : 


Р у, 


Nitric acid (HNO;): This is the most important oxy-acid of 
nitrogen. It is a very strong monobasic acid which forms a constant- 
boiling mixture with water (b. р. 121°C) with a composition of 
- 68:4% HNO,. In terms of normality, this is a 16 (N) solution of 
HNO, in water, which is the concentrated nitric acid of commerce. 

Nitric acid forms salts by reacting with oxides, hydroxides and 
carbonates of metals, and these are known as nitrates. 

Apart from undergoing the usual. reactions of a strong protonic 
acid, HNO, acts as an oxidising agent, dissolving some noble metals. 
It oxidises the non-metals to their highest oxides or oxy-acids. How- 
ever, the actual products of the reactions depend on the reaction 
conditions. 

Concentrated nitric acid (~16N) is a very strong oxidising agent. 
It reacts with the active metals (lying above hydrogen 1n the 
electrochemical series), producing ammonium jon: 

NO,---4M--10H* —4M**-- NH,* -3H,0, where М—Ма, 

It is quite evident from this equation that, such oxidations by e 
Mitrate ion will be very sensitive to the hydrogen-ion cone 2a 
of the solution in which such reactions take place. The d 
reactions (see volume I, p 251), given below, gx d ded 
‘Oxidising power of the nitrate ion and its reduction produc 


On the acid concentration : SUD 
(à) NO,---10H*--8e-NH,* -3H,O ; Е 


Zn, etc. 


(b) NO,-+-7H*-+6e+NH,OH+2H,0 ; B= one 
(с) NO,--+-6H*+5e>3Net ЗНО; em 
(d) NO,---4H*--3e—-NO--2H:0 + ec 


z E NO,--H;O ; 
Ө оем тие h weak reducing agents 


it 
The reactions (d) and (е) take place wi у 
like the noble dde o and silver. The reactions (a) to (c) 
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take place with Stronger reducing agents like the active metals, Zn, 
Mg, Fe, Sn etc. In fact, below a concentration of 2N, the oxidising 
power of the nitrate ion is so much reduced that only the protons 
Benerated by the dissociation of nitric acid react with the active 
metals, liberating hydrogen : 

2HNO, =2H*+2NO,- 

M+2H*=M?++H, 1 


producing nitric oxide : 
3Cu-E2NO; 8H*--3Cu**-L2NO 44,0, 
Some typical oxidation reactions of nitric acid are given below : 
With cold, dilute HNO; of Strength ~5N : 
4M+8HN Os>4M(NO,),+-8. H] 
2HNO;--8[H]--N;O 5H, o 


4M-FIOHNO,—AM(NO;), I-N,O. SEO; 


With a more dilute acid (~3~2N) in the cold, the following reaction 
takes place : 
5M+10HN O;—5M(NO,), +10[H] 
2HNO; + 10[H]>N,+6H,0 
PM I2HNO;—5M(NOJ, +N, +6H,0 
(M—Zn, Mg, Fe). 

Reactions with some Don-metals: As already mentioned, the 
non-metals are oxidised by conc. HNO, to their highest oxy-acids 
(or oxides, when the OXy-acid is unstable) : 

Pat 20HNO;—4H;PO, 4-20N0, 14], О ; 
C+4HNO, —COrF4NO,--2H,0 ; 
I,+ 10HNO; —2HIO;- 10NO;--4H,0 R 
S+2HNO, =H:S0,+2NO. 

Dilute nitric acid (5—3N) also acts as an oxidising agent toward’ 
ferrous iron, sulphides etc., itself being reduced to NO: 

NO™,+4H*+ 3e-+NO+2H,0 
ЗЕе?2 —>3Fe+ 4 3e 


NO; --3Fe**--4H* —3Fe**-- NO но 
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E Org ape ло сао 
—-3S-4-6e 
2NO; J-38?---8H* —2NO-L38 | --4H,O 
Th " " . 
Im Rogue cation, NO,*, and nitration of organic compounds. 
s m n found that in a mixture of concentrated nitric and. 
с acids, the nitronium cation, NO$, is generated : 
athe a HNO;--2H;SO,NO;*--H;0*--2H8047 
1. 1 = 
vim mam cation, NO;*, is the active nitrating agent which 
HSO н omatic compounds when they are treated with a conce 
1-HNO); mixture. 


HNO,/H,SO« 
— G,HsNOs T H;O. 


N Сан, 
itration 
of benzene is an electrophilic substituti 


being a 
stron Д 
£ electrophilic reagent, performs it efficiently. 
onveniently 


Nitrates : 
prepared B5 These are salts of nitric acid and can be с 
dissolving a AE the action of nitric acid опа metal or (i) by 
etal carbonate or oxide in nitric acid. 


on, and NOF 


uth sub-nitrate, 


‘All nit 
BiONO,) a tes, excepting the sub-nitrates (6.5. bism ë 
e crystalline solids, highly soluble in water. On heating, 
tes and liberate: 


the alkali 
ali а у 
Oxygen та nitrates are converted into nit 
» Which exerts strong oxidising action : 


heat 
This is 2NaNO,———2NaNO;-t Or M 
agent alo the гсазон of КМО, ог NaNOs being used as the oxidising: 
chromin ng with sodium carbonate in the fusion test for detecting 
т and manganese in inorganic salt-mixtures. Jf the mixture 
fusion with Ма,СОз. 


Conta; 
115 a 
manganese salt, it turns green on 


and Nani О, : 
2NaNO;2NaNO.-t Os 
Мао. 0, +-маС0 Na;MnO, CO f 
Q,4-2NaNO t CO: 1 


+2NaN = m 
OM m Nave manganate (green). 
ure turns yellow on 


Inas 

a simi > 

1 imilar manner, if the colour of the mixt б 
се of chromium 15 


fusio 
n H 
indicated, ith NaNO, and NasCOs, the presen 
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6NaNO;—-6NaNO;+30, 
2Cr,05 +302+4Na,CO;->4Na,CrO, +4CO, 4 


Adding, 2Cr,03 + 6N; амо + 4Na,CO, = ОР 6NaNO;4-4CO, + * 
yellow 


The overall structure of the nitrate ion is conveniently represented 
‘as a hybrid of the following resonating structures : 


M. :0 Me) don 
TEE 15 i ue 
eO 9 AM У ME 4 LIE 4 
Sau КО ОС Sgi 


Manufacture of nitric acid. 

From ammonia; At Present, nitric acid is manufactured mostly 
‘by the catalytic oxidation of ammonia (obtained by the Haber 
process) by Ostwald's process, 

Materials: Ammonia is obtained by the Haber process, Air is 
freed from dust and dried by passing through drying columns. The 
catalyst used is platinum or Pt-Rh gauge. 

Method: Ammonia is mixed With 10 vols. of air and rapidly 
passed over platinum or platinum-rhodium gauge kept at 750-900°C, 
when it is oxidised to nitric oxide i 

Pt-gauge 
ANH, E50, rc 4N0--6H,0 > (AH— 21:5 Kcals.) у 


‘Once the reaction is Started, no further external 
catalyst is necessary. The heat evol 


The nitric oxide produced is then oxidised by the aerial Охуи, 
still left, to NO, which is absorbed in water in Presence of air to 


ield nitric acid : 
ds 2NO+0 + No, 


85 
4NO,+2H,0+0,> 4HNO,. 

Pure nitric acid can be obtained by distilling any dilute acid with 
sufficient conc. H,SO,. Fuming nitric acid is produced by dissolving 
NO, in concentrated nitric acid till it is saturated. It is brown 
coloured due to the presence of dissolved NO, in it. 

Uses of nitric acid : The largest use of nitric acid (as the mixed 
Acid) is as a nitrating agent for organic compounds, especially 


GROUP VB ELEMENTS : THE NITROGEN FAMILY 14t 
s ue manufacture of explosives (picric acid, nitroglycerine, 
- N. T. etc), dyestuff and pharmaceuticals. Soluble nitrates like 
ME calcium-ammonium nitrate etc. are good Ditrogenous 
Rx ЈЕ HNO, is widely used in the laboratory for dissolution of 
^ ase alloys and as an oxidising agent. 
ean compounds : Compounds containing the NO group, 
5 Md be obtained by the direct involvement of nitric oxide or 
MX ә called nitrosyl compounds. 4 The electronic structure 
OHNE molecule creates the possibility of its participation asi 
SEES al NO molecule, NO* cation and the NO- anion, which. 
represented electronically as : 


(МО) 
(A) 


e 55 EC ma 5. 
мло—=ск: ој 
) © 


it is quite evident that, apart 


From 
the above electronic structures, 
hree forms (A) (B 


fi E 

ie (Qe asa cation and an anion, all the t. ree f 
pair on Eansactias monodentate donors, donating either the Іопе- 
formin nitrogen or that on oxygen and hence, are capable of 
NO* 8 co-ordination complexes. It is to be noted also that the 
This M ta is isoelectronic with the carbon monoxide molecule. 
from 5 the reason of NO being able to substitute carbon monoxide 
the aid retal carbonyls and vice-versa. tis also isoelectronic with. 

rogen molecule and the cyanide ion. 

NM NU of the nitrosyl compounds can be conveniently" 

1 Sed in brief under the following heads : 

i Simple ionic compounds containing the NOt cation : 
gee ar examples of this class of compounds are QM 
flnoborate (NOHSO,), nitrosyl perchlorate NOCIO») and cana 
of the Пи (NOBF,). All of these may be obtained by the а 
Cation 15 responding acids (concentrated) with МО» when the 

Senerated in situ: 
N.0,+-21,80,=2NOHSOst He) j 

The ion; :0,-L2HCIO,—2NOCIO, - H;O- ; 

conducting 1€ nature of all these compounds was evident from the , 
Property of their solutions in several 2 v pn 


solvents. 
. The presence of the МО" cation is е 
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electrolysis of such solutions, when NO is liberated at the cathode 
and forms brown vapour of NO, on oxidation by the atmospheric 
oxygen. 

2. Simple covalent (but polar) compounds, containing the NO* 
cation : j 

The nitric oxide molecule reacts with highly electronegative 
halogens, forming nitrosyl halides, through the participation of its 
-odd-electron in forming a covalent linkage : 

2NO-F-X,—2NOX (where X=F, СІ, Br). 

The predominantly covalent nature of these compounds is 
‘indicated by their non-conducting nature and volatile character. 
But, their dipole moment values indicate that they possess perceptible 
polar character. 

The lengths of the N—O bonds in nitrosyl halides are intermediate 
‘between that of a double and a triple bond and it is explained on 
ithe basis of the following resonating structures : 


O: ÑX: on Nek: 
I II 

All the simple nitrosyl compounds containing the NO* cation 
are easily hydrolysed by water and hence, they must be prepared 
:and kept under dry conditions. 

3. Simple ionic compounds containing the NO- group: The 
only example of this class of nitrosyl compound is NaNO, which is 
an unstable solid obtained by the reaction of dry nitric oxide with 
sodium metal dissolved in liquid ammonia. That it is quite different 
from sodium hyponitrite (Na;N,O,), having the same stoichiometry» 
has been proved from its X-ray diffraction pattern. It also differs 

from sodium hyponitrite in its chemical properties. The dia- 
magnetic character of this compound Suggests the presence of the 
"NO- group in it. 
4. Coordination compounds containing any one of the species 
(A), (B) and (C). 

In these compounds, the nitrosyl entity is directly associated with 
‘metal ions or atoms. It has been found that co-ordination to the 
metal ion or atom is always through the lone-pair located on the 
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nitrogen. Thus, when the nitroprusside ion [Fe(CN);NO]*~ is 
reduced, the product is the ammine, [Fe(CN),(NH,)]*-. The 
same nitroprusside ion is converted to the  nitro-derivative, 
[{Fe(CN),(NO,)]*~ by an alkali. In both the cases, the nitrogen of the 
nitrosyl entity is retained. 

Depending on the presence of the forms (A) (B) and (C) in them, 
the nitrosyl complexes may be divided into three different 
categories : 

(i) Nitrosyl complexes containing coordinated neutral NO 
molecule (B): The present experimental evidence precludes the co- 
ordination of the neutral NO group to a metal atom or ion, and no 
well-established example of this class is known. 


Gi) Nitrosyl complexés containing the NO- entity (А): An 
established example of this class is [Co(NH,);NO]*?, where 
cobalt (II) appears to transfer one electron to the NO group. The 
diamagnetic character of this compound supports this. A few other 
examples of such compounds are [Ru(NH,),(H,0)(NO)]** and 
[Ru(NH3(CD(NO)]**. These two compounds are also diamagnetic. 

(iii) Nitrosyl complexes containing the МО" entity (C) : Since the 
NO? entity is isosteric with carbon monoxide, cyanide ion and the 
nitrogen molecule, it has the potentials of an efficient donor like the 
CO or CN- Species. Most of the known nitrosyl complexes thus 
Contain the NO* entity. It is to be appreciated that in the forma- 

. tion of the NO* cation, the electron lost by the nitric oxide molecule 
may be transferred to the metal ion or atom, acting as the acceptor, 
thus decreasing the positive oxidation state of the acceptor by sone 
“nit. This view has been substantiated by the overall oxidation E 
of the compounds like sodium nitroprusside, [Fe(CN)NOM" » А 
Tented by the nitrosoation of the ferricyanide ion, Y ee dud 
ni .9f one electron from the NO group o f 

+ Yanide converts it into Fe*? and results in the fo 

Cation, Thus, in the co-ordination 2016 

ар Negative charges due to five СМ ey make th 
ges Consisting of опе Fe*? and one NO", 


Charge È 2 
on i i n equal to —4- С 
the nitroprusside ion eq yl complexes are: (a) nitro 


(CO) : (b) metal 


ion 


Some e i f nitros 
А xamples of this class of n 
21 carbonyls such as Co(NO)(CO»» Fe(NO): 
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nitrosyl hydroxides and halides, such as Ni(NO)(OR)(OH); 
Fe, (NO)I, and Co(NO),X(X=Cl, Br, I); (с) metal nitrosyl 
thio-compounds like M'[Fe(NO),S] (where M=Nat, K+, NH; 
which are known as the Roussins salts ; (d) nitrosyl complexes of 
the type M™(NO),A,, such as Fe(NO)SeO,.H,O, Fe(NO)(R,NCS:)2 5 
(е) nitrosyl complexes of the type ММО), А, such 25 
Ре(КО) (50); and Ru(NOYR;NCS,,; (f) nitrosyl complexes of 
the type [МА МОЈ», such as [Mn(CN),(NO)P-, [Fe(CN)(NO)I- 
and [Ni(NH,),(NO)]* ; (g) miscellaneous nitrosyl complexes such. 
as Roussins black salts, M1[Fe,(NO),S,](M=Na*, K+, Rb* etc.). 


PHOSPHORUS 


Due to its high reactivity, phosphorus is never found in nature | 
in the free state. Itis generally found in nature in its highest 
oxidation state as the various Phosphates. Some important 
phosphorus-bearing minerals are : 

Fluorapatite, 3Ca,(PO,)o, Сав, У 
Phosphorite, Са,(РО,), ; 
Chlorapatite, ЗСа (РО, Сасі,. 

Bones of human beings and other animals contain high percentage? 
of Саз(РО,). 

Industrially, phosphorus is manufactured by heating any 02 
of the above minerals (finely powdered) with sand and соке 
in an electric furnace at 1200°— 1500°С. In the first phase, calcium | 
phosphate reacts with silica by the process of double decompos™ 
tion and produces calcium silicate and phosphorus pentoxide * 
Ca,(RO4)2+3Si0,=3CaSiO,+P.0;. In the second step, this Р.О» 
reduced by coke to elemental phosphorus : P.0;--5C—2P4-5CO* 

At the temperature of the furnace (1200°— 1500°С), phosphor? 
is vaporised and passes out through the outlet at the top, 41022 
with CO, and is passed into a reservoir containing cold water 22 
is condensed. The water layer above the elemental phospho: ™” 


also protects it from being oxidised by atmospheric air. 


Purification: The crude phosphorus is first melted undei $ 
mixture of K,Cr,O; and H,SO,, when oxidisable impurities 
removed. It is then distilled in absence of air, when very pu 
(white) phosphorus is obtained. 
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Allotropic modifications of phosphorus: Аѕ already discussed at 
the beginning of this chapter, phosphorus exists mainly in, three 
allotropic modifications, viz. white, red and black phosphorus. The 
difference in the properties of these three forms are due to the 
difference in their structures. White phosphorus is made up of 
tetrahedrally arranged P, units, the P—P—P bond angle is 60° and 
hence, the P, molecule is under considerable strain. Black phos- 
nons is made up of almost strainless hexagonal rings with 
Pp p bond angles of 100° and cross-linkings among the реј 
ings. Red phosphorus occurs with tetrahedrally arranged ^4 
Units joined in a chain, 


White P Black P 


Пе Black P 


EL . Wt. 
ЕА Su Structure of white phosphorus explains its volatility Oe M 
its пиво 019—124) compared to the red and the БЕС mo, 
moles iie УН is due to the considerable strain eai aap of the 
black pho sa? P—P—P angles of 60°. The very lov тев e. 
angles a is due toits polymeric structure wi ро 
phorus obvious Which involves very little strain: 
"5ly possesses an intermediate reactivity» 


hosphorug . Phosphorus (mainly the T 
manufacture of matches, tracer bullets, 


ed variety) is 


Uses of р 
incendiary 


used in the 
10 
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bombs etc. It is used in the manufacture of alloys like phosphor 
bronze. 

It is also used for the manufacture of insecticides and herbicides. 

Phosphorus is widely used in the_ preparation of phosphoric 
acid, hypophosphites etc., which find large use in medicine and 
fertilizer industries. 

Phosphides: The phosphides are obtained by the direct com- 
bination of phosphorus with metals. Gr IA and IIA metals 
combine directly with phosphorus, producing phosphides like 
Мар, Ca,;P, Mg;P, etc. These compounds possess some ionic 
character and react with water to produce phosphine : СазР:+ 
6H,0—3Ca(OH),--2PH,. 

The Gr IIIA elements, Aland B, form phosphides like AIP and 
BP which exhibit some covalent character, 

Several transition elements form compounds with phosphorus, 
having the compositions FeP, Fe;P, OsP,, RuP etc. These are dark 
solids with metallic lustre and conduct electricity. They do not 
react with water and may be regarded as interstitial compounds. 

Hydrides : Phosphorus is said to forma series of hydrides such 
as РН», Р.Н, P;H, P.H, etc. Of these, the first two are fully 
characterised and may be considered as the analogues of NH; and 
N;H,. 

Phosphine, PH, : It may be prepared by any one of the follow” 
ing methods : 

(1) By heating white phosphorus with concentrated aqueous 
sodium hydroxide solution in an inert atmosphere of CO, or co? 
gas: Pa--3NaOH-F3H,0 —3NaH,PO;-L PH, n 

sodium hypophosphite 

(i) It can be obtained conveniently by hydrolysing calcium of 

aluminium phosphide with dilute mineral acids : 


CasPs-- 6H30 2PH;--3Ca(OH), 
Some diphosphine is also produced, which condenses as a yel 
liquid when cooled in a freezing mixture, while PH, passes out j| 


a gas. а 
P phosphine is a colourless, inflammable gas, with a smell of 1089 


fish. It is slightly soluble in water and the solution js not alkaline 
Most of its properties have been discussed in the comparative evalu! 
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tion of the hydrides of the Gr.VB elements in general. It precipitates 

the phosphides of copper and silver from their salts : 
3CuSO,+2PH,=Cu,P, | +3H,SO, ; 
3AgNO;--PH;—Ag;P | +3HNO,. 

Due to the less electronegative character (compared to nitrogen) 
of phosphorus, PH; does not form complexes as ammonia does. 
But, the alkyl and aryl phosphines are fairly good donors. 

Diphosphine, PH,: Diphosphine is obtained as a by-product of 
the preparation of PH, from Ca;P,. 

It is a spontaneously inflammable gas which decomposes at room 
temperature to an amorphous yellowish solid of undefined composi- 
tion, consisting of phosphorus and hydrogen. 

Though P,H, is analogous to N,H, in composition, it has no 
basic character like N.H,, which again can be attributed to the 
much less electronegative character of phosphorus in comparison to 
that of nitrogen. 

The structures of PH; and P,H, are similar to those of NH; and 
ХН, respectively. 

Oxides of phosphorus: The following table contains the 
formulae, names, the most important method of preparation and the 


State of aggregation of the oxides of phosphorus : 
DI Леда ee ae 


Formula State of 
and Method of preparation aggregation 
name 
РО, It is prepared by burning White waxy 
noe white phosphorus in а | она with garlic- 
E limited supply of air. It ке odour. 
End contains Р,Озо which is freed | Highly poiso- 
Ps by condensing the РАО | nous. 
vapour to solid at 60°, when 
the P,O, vapour passes out 
and is collected in a receiver 
at room temp. 
Pa +30: эР,Ов 
P i hite | White powder, 
Phos D nd i d a extremely hy- 
Phorus pe по groscopic, feng 
xi 4 exists in 
VERUS Pa +501 P1010 crystalline mo- 
difications. 


————— 
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Some important properties of the individual oxides of 
phosphorus. 

Phosphorus trioxide : It is an acidic oxide and reacts with cold 
water to produce phosphorous acid : 

P,O,+6H,0=4H,PO3. 

On reaction with hot water, it produces phosphine and phos- 

phoric acid : 
heat 


Р,О + 66,0 > PH;4-3H;PO,. 
This is a case of disproportionation of P+? to P-3 and P**. 
It undergoes spontaneous reaction with chlorine, forming РОС!» 
and PO,CI : 
P40,4-4Cl; —2POCI;4-2PO;CI. 


Phosphorus pentoxide: It is an acidic oxide, and depending 
on the amount of water added, it forms different phosphori¢ 
acids : 


nP,O+2nH,O —-4(НРО,), (P,0,, : HO=1 : 2) 
Р‚0+49_0 | —-2H,B,0, (P,O,: H,O—1 : 4) 
P,O,--6H,0 —ә4Н;РО, (P,O : H,O=1 : 6) 


ФР 
(a) до 


Structures of P,O; and P4O,, are based on the structure of Whit? 
phosphorus—the P,-tetrahedra, Bridging of each of the P—P ponds 
ofthe P,-molecule with an oxygen atom will give rise to the р,Ов 
molecule (a). Further addition of а doubly bonded охувер 
each of the phosphorus atoms in P.O, leads to the formatio 
of РаОл (D Molecular weight determinations confirm thes 
formulas. 
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Oxy-acids of phosphorus: The following table contains the 
formulae, the names, most important method of preparation, the 
state of aggregation and the present accepted structure of the 
oxy-acids of phosphorus. 


Formula ; State of 
and name Method of preparation aggregation Structure 
H,PO: This is prepared as itsbarium | It is a colour- 


Hypophos- | salt by boiling white phos- | less crystalline 


. phorous phorus with barium hydro- | solid, melting 
acid. xide : at 26.5°C. Itis 
3Ba(OH).+8P-+ 620 a monobasic 
—3Ba(H;PO;);- 2PHs. acid, readily 
The free acid is generated by soluble in water. ~. 
the addition of calculated о Ei 
amount of dilute HSO, to ne о-н 
the barium salt : 1 Ў 
Ba(H:PO,)2+H:SOx ^ 
—BaSO,--2H;PO.. 
ЕРО; This acid is prepared by It is a colour- 
Phospho- hydrolysing PCls with water : | less crystalline 
rous acid PCl,--3H,0 = ЕРО, H-3HCI. solid, melting at 
or ortho- 29: а 
phospho- highly soluble 
rous acid.* in water and 
behaves as à 


dibasic acid. 


НО It may be prepared by the | It is a white 


Нуро- oxidation of red phospho- solid,melting at 
Phosphoric | rus. with sodium chlorite | 95°C. It is also 
acid. (NaCIO; in an alkaline | obtained as 3 

medium. crystalline di- 


It is stable as the Ма, | hydrate, mel- 
К+ or Ca** salts. The free ting at С. 
acid undergoes slow hydro- It behaves as à 
lysis into orthophosphorous tetrabasic ac! 
and orthophosphoric acids : and exists ш 
H,P,0, + H.O - H;PO; solution as а 


ЕРО, dimer. 
TENE on 
porous acid (РО) 


* Though тега 
А Phosphorous acid (НРОз) and руг phost, i l 
are obtained as such or as salts der die not stable, and undergo rapid hydration 
to the corresponding orthophosphorous varieties and hence, only the ortho variety 
is of real importance, 
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Formula 
and name 


Method of preparation 


State of 
aggregation 


Structure 


HPO, 
Orthophos- 
phoric acid. 


Is is conveniently prepared 
by oxidising white phos- 
phorus with 1 : 1 nitric acid : 
P44-20HNO; —4H;PO, 
+20NO,+4H,0. 

It is also prepared by 
reacting P,O with excess 
water in boiling condition : 

P,Oi0+6H,O=4H,PQ,. 

Industrially, it is obtained 
by reacting mineral calcium 


phosphate with sulphuric 
acid. 
All other  phosphoric 


acids are ultimately hydro- 
lysed to H3PO,. 


Anhydrous 
HPO, is a 
solid, melting at 
42.3°С. The 
syrupy рһоѕ- 
phoric acid of 
commerce is 
85% H;PO,. 
Ива tribasic 
acid, yielding 
three series of 
Salts. Its tri- 
basic nature is 
evident from 
the presence of 
three OH 
groups linked 
to the central 
phosphorus 
atom, 


н 


Hor 


НАРО; 


It is prepared by heating 


Pyrophos- H;PO, to 250—260°C : 
phoric acid. | 2H;PO,--H,P:0;-- HO. 
It is reconverted into 
HPO, by boiling with water. 
Oz. It is conveniently prepared 
Mets Uh by heating HPO, (or 
phoric acid. | НаРгО,) above 300°C : 
heat 
H;PO,— ——À HPO, + H;O. 


It can also be prepared 
by reacting P,O with a 
small amount of water : 

P4,0194-2H;0 —4HPO,;. 


It is a colour- 
less crystalline 
solid which 
melts at 61°С. 
Itisa tetra- 
basicacid which 
yields meta- 
phosphoric acid 
a)n, on 
strong heating : 
600° 
H,P,0,——-+ 
2НРО, Н.О. 
Tetrabasic na- 
ture is evident 
from the pre- 
sence of four 
OH groups in 
its structural 
formula. 


It is a glassy 
solid, melting 
above  384*C 
and probably 
exists ina 
polymeric state, 
t is a mono- 
asic acid, 
solublein water, 


———— | ——Ó 


; m 
The simplest. for? 
of  metaphosphorie 
acid is a: dimer. 


o 
e 0. 
SC L ait 
o “о 0 


H 


a ———————— 
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Some important properties of the individual : oxy-acids of 
phosphorus. 

Hypophosphorous acid, H,PO, : Hypophosphorous acid as well 
as its salts (hypophosphites) are strong redcuing agents, as they 
contain phosphorus in the +1 oxidation state and have a strong 
tendency to go to the +5 oxidation state as H;PO,. They reduce 
Cut? to cuprous hydride : 

4Cu*?+3H;PO,+6H,0 +>2Cu;H,+3H,PO,+8H". 

It reduces mercuric chloride first to mercurous chloride and 

ultimately to metallic mercury : 
4HgCl,-- H;PO;--2H,0 —2Hg.Cls | +H,P0,+4HCl ; 
2Hg,Cl,-- H;PO;--2H;0 —4Hg } --H;PO,--4HCI. 

The reducing character of this acid is indicated by the presence 
of two P—H bonds in its molecular structure. 

Phosphorous acid, H;PO; : It is a dibasic acid and contains 
phosphorous in the +3 oxidation state and hence, the acid and its 
salts béhave as fairly strong reducing agents (weaker than hypophos- 
phorous acid). This is also indicated by the presence of one P—H 
bond in its molecular structure. Thus, it reduces Cu*? and Ag* 
compounds to the respective metallic states, itself being oxidised to 
the +5 state in the form of HPO, : 

H;P0,-Cu*?4-H,0 > Cu} --H,PO,--2H* : 
H;PO; 1-2Ag*--H,O — 2Ag1 +H,PO.+ 2H". 
On heating, HPO; decomposes to PH, and HsPOs : 
4H,PO,=3HsPO.+PHs- 
_ Phosphoric acid, H;PO,: It is a fairly strong t 
15 capable of ionization in three stages : 


ribasic acid and 


HPO, = Н+ H,PO. к,=72х 1073 
| dihydrogen phosphate jon : 
HPO,- = Ht+ HPO?” . K,—62X 10 8 
monohydrogen phosphate ion б" 
HPO:- => НА. РОЗ- K,-1x10 


At. 
А phosphate ion LE nstants 
It is clear from the values of the successive ionization o^ Еа 
given above that, ina dilute aqueous 5019092 the firs 
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takes place easily and the second ionization takes place toa elige 
extent, while the third-step ionization is negligible. However T 
forms three series of salts. The structures of the orthophosphate 
ion (a) and the pyrophosphate ion (b) are given below : 

It is evident from these figures that the РОЈ“ ion ? 
tetrahedral, with the phosphorus atom near the centre of tbe 
tetrahedron. The structure 
of the P,O, ion is derive 
from the PO,?- tetrahedro?» 
with one corner share 


а. 
two tetrahedr 
between the finds 


о 
о [9] 
h Р 
1095) Phosphoric acid 
P Lote 
o A А wide use in industry 1 th 
o í | 
p 
; 


jum, 
manufacture of ammon! 


alkali and alkaline car! 
an 


phosphate-fertilizers a 
the corrosponding вус 
im (b) Q. phosphates. Mono- an 


" re 
у sodium/potassium salts р 
widely used as buffers. 


Metaphosphoric acid and metaphosphates : Metaphosphoric acid 


is never obtained as the monomer, HPO,. It is best represented E 
(HPO)),,, where п generally has an integral value between 2 24 5 
The simplest form is the dimer (HPO,),. It is a fairly 51702 
dibasic acid with K,—1.6x 10-2 - 


15 
and K,=7 10-7, High polym® 
of metaphosphates with cyclic st 


ructure are also known. 
The alkali metal meta 


à by 
phosphates are erally obtained 
heating NaH,PO,, KH,PO, udin 


or NazH;P,0,. 
NaH,PO, — NaPO,+H,0 Е 
NasH,P,0, — 2NaPO,-++H,0. 
The mixed sodium-ammonium orthophosphate, Nana HPO” 
known as microcosmic salt, yields NaPO, on heating : 
NaNH,HPO, = NaPO,-+-NH,+H,0. is 
i 
— hexametaphosphate, generally represented as (NaPOs)e 
used as a water-softener and is commercially known as calgon- 
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Action of heat on NaH;PO, : Different types of metaphosphates 


Are o : 3 Eg 
btained on heating NaH;PO, under different conditions : 
150°C 


ion ? Ман,РО; ——— > ма:Н:Р:О: 
osodium dihydrogen disodium dihydrogen 
phosphate pyrophosphate 
230°C 400°C 
Y. 500°C Y 
- (NaPOs)s <—— Maddrell's salt (NaPO) 
sodium trimetaphosphate 
350°C 
Kurrol’s salt (NaPO;) 
| 640°C (crystalline) 
+ 
| 550°C 
N A б quenched (Маро j 
а. ———> aPOs)s 
iste Grahams salt (glassy) 


e different forms of 
e polymorphic 
]ten (NaPOs)» 


Kurrol’s salt and Maddrell’s salt are th 


NaPO,. Sodium trimetaphosphate also exists in thre 
to which the mo 


forms, depending on the temperatures 


is subjected to. 
rms two peroxyphos- 


Phosphorus fo 
ymonophosphori¢ 


Peroxyphosphoric acids : 

phoric acids or perphosphoric acids. Тһе perox 

acid is prepared by reacting P,O; with cold 30% НО» * 
P,O5-+2H202+ HO = 2H5POs- 


Structurally, it may be visualised to be formed by the repla 
lecule by the н,РОз 6100р : 


of one hydrogen of the H,O, mo 
OH 


| 
o=p—O—O—H 


| 
он 


Permonophosphoric acid 


cement 


oxidising agent which liberates jodine instantaneously 
from an acid solution of an iodide. It is also obtained as the first 
product of hydrolysis of perdiphosphoric acid, H,P,O,. It is rather 
unstable and hydrolyses into РО, and H,O». It is stored as 
alkali metal salts. 


Perdiphosphoric acid : 


14 is a strong 


Structurally, it may be visualised as 
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obtained from H,O, by the replacement of both the hydrogens of - 
H,O, by two H;PO, groups : 


OH ie 
MEE IE 
OH OH 


perdiphosphoric acid 


This is best obtained by the electrolysis of a concentrated solution 
of NaH;PO, or KH;PO, (containing some NaF or KF) under cold 
conditions, using platinum electrodes and high current density : 
KH;PO, = Kt T H;PO,- 
Cathode Anode 
2H,PO, —H;P,0,--2e- 

This is an example of anodic oxidation. 

This compound also is a Strong oxidising agent. It liberates 
iodine from acidified iodide Solution and oxidises Mn+? to Мп" in 
acid solutions. It hydrolyses in two Steps : 

H;P,0,--H,O —H;PO;-H;PO, : 
H:PO;+H,0=H,PO,+H,0,. 


Halides and oxyhalides of phosphorus: The following are the well- 
known halides of phosphorus : 


Type formulae: PX, PX, 
(X—F, Cl, Br, I) (X=F, Cl, Br) 
The trihalides, PX,, 


Methods of preparation: PCI, and PBr, are conveniently prepared 


by reacting elemental phosphorus (red P) with the appropriat® 
halogens, care being taken to avoid excess of the latter. PFs" 
generally prepared from PCI, by treatment with a fluoride like доби 
SbF, or HF, while P T; is prepared by dissolving white phospho!" 
and iodine (in the ratio 1: 3) in carbon disulphide and cooling. 
Properties : j 
зода ай qi = n aa) is a gas at ordinary temperati 
тайа Hale Бери а ЈЕ is hydrolysed very slowly by e 
but caustic alkalis hydrolyse it Very RIBUS." Mending to the oh 
tion of the salts of phosphoric acid, 
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Phos 
76° phorus trichlori 
Ko Tt is e rans fo Реф: It isa fuming liquid, boiling at 
ee d eh y T by water to phosphorous acid 
i И rat 24 B * * х 
; CTS id and hw acid, it gives chloro- 
n : 50, 
DON action with MM OA 
n i +80). въ it produces phosphoryl € ide: PCls + SOs 
yl chlori 
c х огій 
containing M reacts with PCls to form 8 mixture 
tra Bett phoryl chloride (РУС) phosphory! chloride and 
achloride : зрсј +50Сњ= C 4 POC] +P Ols: 
PC and boil- 


Pho. 
. 205рогцѕ tri 
т) А 
ibromide, PBr; : It is 2 liquid, freezing at 4 
its chemical properties: 


Ing at 
17535 
PL: Itis 3 It resembles PCls in most of i 
red crystalline solid, 


and p 
Br, i 
T 3 in most of i : 
he tables m chemical properties. 
lorous ea 
pentafluoride, pr,: This 5 generally obtained DY 
pF, + 5AsCls 
н,РОг PY 


treati 

ng P i 

It i т AsFy: 3PCle+5ASFa= SP 
which fumes in air. It is hydrolysed to 


Water . 
"Фр 

F,;+8H,O0 =2H,PO.+ 10HF. 
it forms phosphorus oxyflu 


oride 


With 

calc 

P ulated quantity of water; 
of pho horus and 


pentahalides sp 
re similar to PCs (See vol. 2 


This | 
15 t 
he stablest of the three 


Posses 
Ses " 
P. 150), a trigonal bipyramidal structu 


Phosph. 
reacting Pel pentachloride, PCI; * 
m Itisa 3 and chlorine : РСС] РС 
elts d Pie an crystalline $ shi $ 
moist nf C under the pressu 
a antity mand forms POCIs with 
х ER water, just like PFs. 
Pletei st of its chemical pro 
ater, RU to РО 
" E dd d more reactive than PFs: 
Pentachloride i ioni solid state, P?O phori 
l]* cati is ionic and is compos pu i 
Заа РОЈ anion, 2 forms structure of [PCIe 


P 
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‘conducting solutions in nitrobenzene and acetonitrile (CH3CN). 
ЇРСІ,]- have an octahedral Structure as shown at page 155. 
In the vapour state and in solution in non-polar solvents 

| like benzene and carbon tetrachloride, it exists as discrete PCls 

molecules. PC], has a trigonal bipyramid structure similar to that 

:of РЕ;. 

Phosphorus pentabromide, PBr;: Itis prepared by the reaction of 

PBr; with Br, : PBrjBr,—PBr, Itis a rather unstable yellow 

‘solid, resembling PCI; in most of its chemical properties. 


Phosphorus oxyhalides: Oxyhalides of pentavalent phosphorus, 
having the general formula POX, (X—F, Cl, Br), are well-known. 
Two other oxychlorides, Pyrophosphoryl chloride (P,O4Cl,) and 
‘octachlorotetraphosphoryidichloride (P,O,Cl;)) are also obtained bY 
-Oxidising POCI, with NO.. POI, is not known. 


Phosphoryl fluoride 9r phosphorus oxyfluoride, POF,: This is 
obtained by the action of calculated quantity of water on phosphorus 
pentafluoride : PF;+H,O=POP,+2HF. 


o 


It isagas (b.p.—40 C) with a pungent odour. It is slowly 
» the ultimate product being Н,РО, : 


H,O H,O HO 
О=РЕ, 30-P(OH)P,— — ,0— poH E——, 
Oo - P(OH)s 
(РО 


Phosphoryl chloride or phosphorus oxychloride, POCI, : 

The compound is formed by the action of a limited quantity P 
water on РОЈ. But, the Teaction is difficult to control and hen’? j 
ät is best obtained by the Teaction of boric acid or oxalic 20 
on PCI, : 

3PCl,+2B(OH),=3POCI,+.B,0,-.6HC] 5 
PCl;--(COOH),— POCI, +с0 +CO,+-2H Cl.” 

It is а clourless liquid, freezing at 0°C and boiling at 107°C- р 
is hydrolysed rapidly by water, yielding H,PO, as the final produ? 
It has a perceptible tendency to ionize as follows : 

, POC = [РОС] 4Cr, олй 

This is manifested in the formation of complex compo 
dike [POCL]* [806], [РОС] а [SnCl.}* erc, 
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Phosphoryl bromide or phosphorus oxybromide, POBr; : 

This compound may be obtained from PBr; by methods similar 
to those used in the case of POCl,. However, it is most con~ 
veniently obtained by reacting Р.О; with PBr; : 

P,0;--3PBr; —5POBr;. 
It is a solid, melting at 56°C and is similar to PCI, in all не 
Properties. у 

The PO;?- ion and the phosphoryl halides ha 
of electrons in the valence-shell of phosphorus, 
Similar distorted tetrahedral structures (see vo 
X—P— X bond angles of 103°. 


ve the same mumber 
and hence they have’ 
1H, p. 152) with: 


Phosphorus chloronitrides. 
having the empirical formula PNClh, аге 


d with NH,Cl at 130°C in a closed vesseb 
Or in an inert .solvent like hexachloroethane (CCl). These are 
called phosphorus chloronitrides. The two simplest products are 
the trimer (РМС); and the tetramer /PNCl,, which are found to 


have the structures I and II : 


Various products, 
obtained when PCI; is heate 


E Cl; 
РС у 
же d 
| | PCl p 
CLP. РС, 
а ig E 
(РМС) NEUE 
I 


s benzene and (II) resembles 
es of (I) and (ID), it has been: 
me and hence the formulae 


It is apparent that (П) resemble 


m Soteren, From X-ray analys 
ound that all P—N distances are the sa 1 
(I) and (П) are one of the different resonating forms, while the 


overall structure of each molecule must be resonance-hybrid. 

The chlorine atoms, attached to the phosphorus atoms, are 
reactive and undergo hydrolysis when they are replaced by OH 
groups. In this respect, the tetramer is more active than the trimer,. 


4 
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and is hydrolysed by boiling water finally to the octahydroxy 
compound [PN(OH),], which is remarkably stable. 


The more important reactions of the trimer are given below : 


CHEMISTRY 


N EP л 
Пева РОД мн? 
РС, 
/ 
NH 
У Heat | 350°C PAN, CIF, (E) 
v. Ss Рум СЕ, © 
| (5 | | (8-membered rings like) 
НМР, PsNH ~ 
N^ pa Cl, Cl, 
N P с 
(Phospham) 2 N Z^ x # Ss 
N 
Heat NN 
| DAMM ONE РА 
P3N5+NH, Cl; à, 
e e Elastic, rubber-like Solid product ) 
Slow heating 
500с" / 


Hard, black polymer 
resembling vulcanised rubber 


„organit 
The product G is a rubber-like elastic Solid known as inor£? 
rubber. 
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ARSENIC З 

Occurrence: Arsenic occurs rather widely іп nature іп combi- 
nation with sulphur, iron and nickel. The chief ores from which 
arsenic is extracted are (i) Arsenical pyrites, FeAsS, (ii) Nickel 
glance, NiAsS, (iii) Realgar, As.S, and (iv) Orpiment, As;S;. 

Extraction: Arsenic is generally extracted by two different 
methods: (i) By heating arsenical pyrites at about 700°C out of 
contact with air: FeAsS ———FeS-+-As. 

Arsenic sublimes off at this temperature and is cooled on a cold 
surface. : 

(ii) Arsenical pyrites or Realgar, on roasting in air, forms 
ASO, which is collected as a white sublimate : 4FeAsS+30,=4FeS 
+2As,0,. This As,O; is mixed with powdered charcoal and heated 
ina crucible: As,O,+3C=2As+3CO. Arsenic sublimes off and 
is collected as a sublimate. 

Allotropic modifications of arsenic: As already stated, arsenic | 
exists in three allotropic modifications, viz. yellow, grey and black 

"arsenic, of which only grey arsenic is stable at ordinary temperatures. 
The yellow arsenic has a cubic lattice, whereas both the grey and 
the black varieties are rhombic forms. Some important ва: of 


these three forms are tabulated below : 
Property Yellow Arsenic Black Arsenic Grey Arsenic 
СНУ | eS и . 
Steel grey with metallic 
Colour Yellow. Black. пе 
Structure Cubic Rhombic. Rhombic. 
Stabili cse Stable. 
temp. "y at room Metastable, Metastable 
Density 3.98 gm/c.c. 4.6 gm/c.c. 5.73 gm/c.c. 
cette i и i Feebly conducting. 
4 =i ting. 
conductivity Non-conducting. | Non-conducting 
Зып Insoluble. 
ma nsoluble. 
Carbon disulphi de Soluble. I 


re, existence of 


-malleable natu tik 
Морава tion with nitric 


al o etalloig nature of arsenic : | y 
"opic forms and formation of oxyacids on T 
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acid are the evidences of the non-metallic nature of arsenic. Oxides 
of arsenic are amphoteric in nature, being soluble in strong acids a8 
well as in alkalis. These reactions clearly indicate the metallic a5 
well as non-metallic character, i.e. metalloid character of arsenic. 

The resemblances of arsenic with metals are exhibited in the 
following properties: The grey form has a metallic lusture and 
conducts electricity to some extent. It has a high density like 
metals. It forms alloys with many metals. 

Thus, arsenic shows resemblance to both metals and non-metal’ 
and hence represents the metalloidal character. 

Arsenic is rather inert at ordinary temperatures. It burns in aif 
forming fumes of As,O, It reacts with halogens and sulphur, 
forming trihalides and trisulphide. 

Since arsenic occurs below hydrogen in the electrochemical 
series, it does not react with dilute HCl and H,SO, and even with 
dil. HNO;. Hot, concentrated nitric acid oxidises arsenic to А5:О»" 
which forms arsenic acid with water : 

2As-+10HNO,=2H,AsO,+ 10NO,+2H.0. 
Hot, concentrated H,SO, oxidises arsenic to arsenious acid : 
2As--3H,S0,—2H;As0, 4 350,. 
On fusion with alkali, arsenic forms arsenites : 
2As+6NaOH=2Na, AsO;--3H, du 


Hydrides: The only well-established hydride of arsenic is arsine 
АѕНз. Elemental “arsenic does not combine directly with hydroge? 
and hence, AsH; is prepared by the reduction of a trivalent arseni^ 


compound with nascent hydrogen generated by the action of 285 
or magnesium and dil. НСІ : 


AsCl + 6H = AsH, + 3HCI. 7 
Pure AsH; is best obtained by reacting zinc arsenide with dil. #9508 * 
ZnAs:+3H:S0,=2A5sH, 1 +3ZnS0,. 
It is a colourless gas, liquefying at —55°C and solidifying ^ 
—119°C. 
It is a strong reducing agent and Precipitates heavy metals fror? 
‘tutions of their salts : 
the solu 2AsHs--6AgNO,- 6Ag | +-As,05-+6HNO,, 
It is thermally unstable and is decomposed to the black те 
ch is the basis of the Marsh test for arsenic. 


tallic 


arsenic, whi 
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Unlike ammonia, AsH; has no basic character and is very little 
soluble in water. 

Oxides: Two oxides of arsenic, the trioxide and the pentoxide 
are well established. 

Arsenic trioxide, AsgO,: This is formed (i) when -arsenic is 
burnt in air, or (ii) by heating arsenical pyrites, FeASS, in air: 

2FeAsS--50,—Fe;O;-4-280,--As;Os, and is collected as a white 


sublimate. 
It is correctly represented as As,O; and resembles P,O, in most 


of its properties and structure. 
It occurs in several forms, such as (i) amorphous form, 
(ii) octahedral form (crystalline) and (iii) monoclinic form 


(crystalline). 


It is highly poisonous, the lethal dose is 50 mg. It forms 


arsenious acid with water: As,0,--3H,0 —2HsAsO;. It does not. 

change into pentoxide even when heated in oxygen, but is oxidised · 
to the latter when heated with concentrated nitric acid or hydrogen 

peroxide : As,05-- HNOs2As05 3 

д5,0,--290,-> Аѕь0+290. 

It is ап amphoteric oxide which forms As,(SO,)3 with con- 
centrated sulphuric acid : 

As 03 3,80, =А5 (504) -30. 
it forms arsenite : 
‘As,O3-+6NaOH=2Na,AsO;+3H;0. 

As,0, and arsenites are fairly strong reducing agents which 

reduce iodine to iodide and ferric iron to the ferrous state : 
As,03-+2 I;--2H:0 =2AsOe +41-+-4Н+ ; 
‘AsO,8---2Fet?-+H,0=AsO. + 2Fe"*+ 2H". 
Аѕ,О,о OF As,0,: This is obtained by the 
by concentrated nitric acid to arsenic acid, 
H,AsOg, and. subsequent dehydration of the HAsO, to As0; by: 
heating : As Os-+4HINO,+ 1,0 =2HsAsOc+ ANO: ; 


2н,Аѕ0,=А5.0:+3Н:0: i 
Unlike Р.О» As,Os is dissociated to As,Os and O, on heating. 


It isa white solid which is distinctly acidic in ‘character. It 


dissolves in water, yielding arsenic acid, HAsO, : 
‘As,O¢-+3H,;0=2HsA80s- 


With alkali, 


Arsenic pentoxide, 
oxidation of As;0s 


1 
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) It isan oxidising agent and liberates chlorine from HCl and 
reacts wlth PCl;, forming POCI, and liberating chlorine : 
1 As,05+ IOHCI—2AsCI, 4-2Cl,-- 5H,O 3 
As,05-+5PCis=5POCI,+2AsCl,+2Clp. 

Oxyacids of arsenic: Two -oxyacids of arsenic are well j 
established. These аге H;AsO; or HAsO; and HsAsO,. · 

Arsenious acid, HAsO; : It сап be obtained by reacting Аз 
with water : As,03+3H,O=2H;AsO,. It is a weak acid, known 
only in solution. It is a tribasic acid and on complete neutralisa- 
tion with NaOH forms Na;AsO,. It also forms organic esters like 
As (ОВ), where В is an alkyl group. 

Arsenic acid, HAsO, (orthoarsenic acid): It is conveniently 
obtained by dissolving ASO; in conc. HNO, and concentrating the 
solution. On cooling, the crystals of H;AsO, separate out. 

On heating to 450°C, it is dehydrated into Аѕ,О; : 

2H;AsO,=As,0,+3H,0. 

It isa fairly strong tribasic acid like H;PO, and is much stronger 
than arseneous acid. Meta (HAsO) and pyroarsenic acids (H,As,05) 
are also known, but they are unstable ánd change into the 
orthoarsenic acid. : 

Ortho, meta and pyroarsenates of many metals are well-known, 
and are isomorphous with the corresponding phosphates. 


Heat treatment of NaH,AsO, (monosodium dihydrogen arsenate) 
. yields several products : : 
90*c 135°C 
_NaH,AsO, > Na,H,As,0, — М№а,Н,Аѕ;О, . 
sodium dihydrogen disodium dihydrogen  triarsenate 
arsenate Pyroarsenate 


230°C 


маво), 
meta-arsenate 
(polymerised) 
Halides of arsenic: АП the trihalides of the type AsX, (X—F» 
Cl, Br and I) are known. The only known pentahalide is AsF;- 
All the trihalides can be prepared by the direct reaction of 
ic with the halogen : 
As L3X,—2A8X, (where X=F, Cl Br and I). AsF,, AsCls 


AsBr, and Asl, are all liquids at ordinary temperatures. 


у 
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Arsenic trichloride, AsCl,: Of all the trihalides, arsenic tri- 
chloride is of some importance. It is generally prepared by heating 
AsO; with НСІ: As,O,-+-6HCI=2AsCl,+3H,0. 

Arsenic trichloride is a heavy and viscousliquid with a m.p. 
of —18°C anda b.p. of 122°C. It resembles PCl, in its structure 
and in most of its chemical properties. However its hydrolysis by 
water to.the arseneous acid is reversible : 

AsCl,4-3H,0 = H3AsO;+3HCl 

Arsenic pentafluoride, АѕЕ,, is obtained by heating together 

AsF;, bromine and antimony pentafluoride : 
AsF3+Br.-++-2SbF;=AsF;-++2SbBrF,. 

Sulphides: Three sulphides of arsenic, viz. the disulphide 
(As,S;), the trisulphide (As,S;) and the pentasulphide (As;S;) are 
well-established. 

Arsenic disulphide, Аз,5,, occurs in nature as the mineral Realgar 
and is obtained by strongly heating a mixture of iron pyrites and 
arsenical pyrites : 2FeS,--2FeAsS=As,S,+4FeS. 

It is an orange-red solid and burns in air with a blue flam: : 

2А5,5,-70,=2А5,0,+450,. 

Arsenic trisulphide, As,S;: It is found in nature as the mineral 
orpiment. It may be prepared by (i) heating arsenic and sulphur in 
2:3 proportions, or (ii) by passing H,S through an acidified 
solution of any trivalent arsenic salt: 2As**-+3S*-—As,S, | . 

It is a yellow solid, insoluble in water and in dilute acids, but is 
soluble in alkalis, yielding thioarsenites and arsenites : 


As,S,-+ 6NaOH=Na;AsS3+Na;AsO;+3H,0. 


sodium thioarsenite ~ 
Yt dissolves in yellow ammoninm sulphide, forming thioarsenates i 
As,S3+(N HiS (NH4)sASS,--S | . 

Thioarsenites and thioarsenates are soluble in water. The 
thioarsenates, on treatment with conc. HCl, produce As.S; which 
is precipitated : 2(NH,):AsS,+ 6HCI=As,S;  +3H,S+6NH,Cl, 
Thioarsenites precipitate As,S, on treatment with НСІ: 

2NasAsSs -I-6HCI— As;S,-- 3H,S-- 6NaCl. 
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Arsenic pentasulphide, As;S;: It may be conveniently prepared 
by fusing powdered As,S, and sulphur in 1 : 2 proportions : 
As,S3+2S=As,S;. It can also be prepared by decomposing 4 
thioarsenate by conc. НСІ (see above). 

It is an orange solid which dissolves in alkalis, ‘like А55» 
forming thioarsenates and arsenates : 

4As,S5+24NaOH=S5NazAsS,+3Na,AsO,+12H,O. Just like 
ASS; it forms thioarsenate with alkali sulphides (or ammonium 
sulphide): As,S;+-(NH,)s$2>(NH,)sAsS,+35 |. 


ANTIMONY 


Occurrence: Antimony occurs in nature chiefly as the 
crystalline black ore stibnite, containing 55,53. In small quantities, 
antimony also occurs in the free state, 


Extraction: Antimony is generally obtained by heating the 
stibnite ore with scrap.iron, when both metallic antimony and iro? 
sulphide formed remain in the molten state, The iron sulphide, being 
much lighter, floats on the surface and is easily separated. 

Sb.S3-+3Fe=2Sb+3FeS, Е 

Antimony is also extracted from low grade sulphide ores, first” 
by roasting it with half its weight of coke in a limited supply 9 
air, when 56,5; is mostly converted into volatile 55,0, which is 
obtained as a white sublimate : 255,514-90,—285,0,--680;. The 
antimony trioxide is then heated with charcoal in a crucible, whe? it 
is reduced to antimony g S$b,0;+3C=2Sb-+-3C0. 

Allotropic modifications of antimony: Like phosphorus and 
arsenic, antimony also exists in three different allotropic modifica" 
tions, viz. metallic antimony, «-antimony and explosive antimo”) 
of which, the metallic form is stable. Some important properties 9, 
these three forms.are tabulated below : (see table at p. 165), 

Metallic antimony exhibits a Stronger metallic character than 
arsenic. Like arsenic, antimony is inert in a dry atmosphere ? 
ordinary temperatures. Tt burns in oxygen, forming Sb:Os m 
Sb,O, It burns in chlorine, yielding SbC], at first, and SbCls ^" 
prolonged heating. It combines with phosphorus and sulphur * 
heating to form phosphides and sulphides. Since its positio” i 
below that of hydrogen in the electrochemical series, pure antimo”? 
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explosive Black i : 

Property antimony B-antimony. Metallic antimony 

l 

Colour Yellow Black Silver-grey, with a 
metallic lusture. 

Structure — Crystalline Amorphous Crystalline (rhombo- 

(cubic) hedral). 

Stability at room Unstable Metastable Stable 

temperature 

Solubility in CS, * Soluble Insoluble Insoluble 

Density gm/c.c. = 5.25—6.3 6.7 

Electrical conduc- Almost Almost noa- Feeble conductor of 

tivity non-conducting conducting electricity. 


з= 


Method of ргера- | By the action of | By ће slow electro- | Fused metal cooled 
ration ozone on liquid | lysis, of ап на! | slowly. 
stibine at —90°C. | solution of SbCls, 
using Pt-cathode and 
antimony anode. 


is not attacked by dilute acids. However, it is attacked by hot 
H,SO,, forming Sb,(SO,)s and liberating SO; : 
2Sb-I-6H,SO, —Sb;(SO,)s--3S0;-1-6H;O. 

On heating with concentrated HNO;, antimony is oxidised to 56,05 
which reacts with water and forms antimonic acid, H3SbO, : 

2Sb+ 10HNO,=Sb,0;+ 10NO; +5H,O ; 

Sb,O;-+ 3H,0=2HsSbO.. 
Like arsenic, it burns in chlorine, forming SbCl which is converted 


into SbCl, on prolonged reaction : 
2Sb-L-3Cl,—2SbCl, ; SbCls-k Cl, — SbCl;. 


conc. 


Compound of antimony. 
Antimony hydride, SbH; (stibine) : - Like arsine, (AsH;), stibine is 
also prepared by the reduction of trivalent antimony compounds 


by nascent hydrogen : 
SbCl,-+-3Zn-+-3H,SO,=SbHs ^ +3ZnSO,+3HCl. 

It isa colourless poisonous gas, even more unstable than AsH;, 
and decomposes into black antimony and hydrogen even at ordinary 
temperatures : о = 28b + 3H: te 

even stronger than АѕНз. 


It is thus 4 strong reducing agent, 
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Its reaction with silver nitrate solution is similar to the reaction 

of arsine : AU 
2SbH3+ 12AgNO,+3H,O = 12Ag | + Sb,03+ 12HNO3. 
SbH; burns in air, the fumes of 55,0, being formed. 

Oxides: Three oxides of antimony, viz. Sb,O,, 55,0, and 500» 
are well-known. (Arsenic does not form the textroxide analogue 0 
Sb,0,.) M. 
Antimony trioxide, 55,0, ог Sb,O, : Just like As,Os, it is obtain® 
by burning antimony in air, or by burning SbH, in air. It melts 

at 650°C and its- vapour density corresponds to the formula 

Sb,O,. 7 i 
It is a white powder, sparingly soluble in water, but soluble 1* 
both strong acids and alkalis. With Strong acids like conc. HCl 
H,SO, and HNOs, it yields the corresponding trivalent salts an 
water : 


Sb,0,-- I2HCF—A4SbCI,-- 6H,O si 
Sb,0,4- I2HNO;—4Sb(NO,); 4- 6H,O M 
5540, + 6H,SO, —2Sb,(SO,), I 6H,0. 
It dissolves іп a boiling solution of potassium hydrogen tartarat? 
(as well as in tartaric acid), forming tartar emetic, K(SbO)C,H06 9 
2KHC,H,0,+Sb,0;=2K(SbO)C,H,O,-+H,0. 
The structure of 56,0; is similar to that of АзОб or P.Oe- G 
Antimony tetroxide, 55,0, : This may be obtained by th 
thermal decomposition, of 56,0; above 440°C 
28b;0,=2Sb,0,+0,, 
It is a white solid, turning yellow on heating, which regains the 
white colour on cooling, On Strong heating, it is decomposed t° и 
trioxide : 28b,0,—2Sb,0,-LO,. It is insoluble in water and yield 
hypoantimonate on fusion with an alkali : | 
Sb,0,+2NaOH=Na,Sb,0,+H,0. 
рій 


Antimony pentoxide, SO; ог 50,0: It is conveniently Pr 
pared by heating the white residue (HSbO;), left after healt 
antimony metal, repeatedly with conc. HNO, : · 


t 
2HSbO, => Sb,0;-++H,0. 
It is a yellow solid. Above 440°C, it decomposes to Sb,O« vg 
forms Sb,O, on further heating. It is an acidic oxide, and 0 


which 


` prolonged acti 
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sparingly soluble in water, its aqueous solution is acidic in nature. 
It isa mild oxidising agent, and a concentrated HCl solution of 
Sb;O, liberates iodine from KI: 

Sb,0,--4I--F10H*—2Sb** 2T F5H;O- 

Oxyacids of antimony : ,Antimonous acid (corresponding to the 
arseneous acid) is not known, but the textroxide yields antimonites 
on their diosslution in alkali. Antimonic acid is formulated as 
HSb(OH), ; but, it has not been isolated in the solid state. Its Li, Na 
and K-salts, MSb(OH),, аге obtained by dissolving Sb,O; in strong 
alkalis : 

Sb,0,-+2NaOH-+5H,0 —2Na[Sb(OBD;]. 

Halides: Antimony forms both tri and pentahalides, corres- 
ponding to the general formulae SbX, (X—F, Cl, Br & I) and SbX; 
(X—F and CI). 

Trihalides, SbX,: SbCl, SbBra and Sbl, are obtained by the 
direct reaction between antimony and the appropriate halogen 
(sometimes in CS, or CCl; medium) : 

у 2Sb4-3X,—2SbXs (X=CI,Br,I). 
SbF, is prepared by reacting 56,0; with НЕ: 
Sb,O,--12HF —4SbF; +69,0. 
SbCl, is а crystalline white solid. All the trihalides are extensively 
hydrolysed in water and the oxyhalides, SbOX, are precipitated 
down: SbXj+H,O=SbOX+2HX (X—F, CI, Br, I). 

The precipitate redissolves on addition of HX and is also soluble 
in tartaric acid. On boiling with excess water, 56,0; is formed. 

Pentahalides, SbX; (X—F,C): These аге obtained by the 
on of the halogens on SbX; : 

SbX, +X: =SbX; (X—F,CI). 
SbCI, is a yellow liquid, boiling at 140°C and fuming strongly in air. 
It is hydrolysed by water to 55,0; : i 

2SbCl,4- 5H,0 =Sb,054- 10HCI. 

Sulphides : Two sulphides of antimony are known—Sb,S;' 
and Sb;S;. 

Antimony trisulphide, 50:53 : It is obtained as an orange-red 
e when H,S is passed through a dilute hydrochloric acid 
of a soluble antimony salt like SbCl; 

2SbC1,+3HsS=Sb,S3 | +6HCI. 


precipitat 
solution 
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It is converted into the black rhombic form on heating to 200°C in 
an inert atmosphere. Just like As;S;, it is insoluble in dilute. acids, 
but dissolves in hot conc. acids : 

Sb,S3+ 6HCl=2SbCI,++3H,S. j 
Like As,S;, 55,5, reacts with strong alkalis to form thiontimonites 
(SbS,°-) and antimonites (5032-). It reacts with yellow ammo- 
nium sulphide to form ammonium thioantimonate : 

SbiSo+3(NH,)2S-+28=2(NH,),SbS,. 

Antimony pentasulphide, 55,5. : It is obtained by passing H,S 
through a dilute НСІ solution of SbCl; : 2SbCI,-+5H,S=Sb,S,+ 
10HCl. Sb,S, reacts with alkali sulphides to form thioantimo- 
nates : Sb,S,+3Na,S=2Na,SbS,. It is an orange-red solid. 


BISMUTH 

Occurrence: The important ores of bismut 

Bi,S;, and the oxide, bismuth orchre, Bi;O,. 
native state. 


h are bismuth glance, 
It also occurs in the 


Extraction (from the sulphide ore): The Sulphide ore is roasted 
in air, when it is converted into the oxide : 2Bi,S;--90, —2Bi,0,4- 
650,. The oxide is then reduced by heating with carbon to yield 
the crude metal : Bi,O;--3C—2Bi-1-3Co, 
The crude metal is then fused with nitre, when most of the impurities 
are oxidised, leaving pure bismuth metal. 

Bismuth is a true metal, and unlike P, As and Sb, it does not exist 
in allotropic modifications. It is a lustrous silvery metal, which is 
brittle and boils at 271.3°С. It conducts electricity well. 

Like arsenic and antimony, bismuth is Tather inert and is not 
tarnished in open air, On heating in air, it forms Bi;O,: 

4Bi 4-30,—2Bi,O,. 
It combines with fluorine, chlorine and bromine, forming the 
trihalides : 2Bi--3X, —2BiX;, (X—F, CI, Br). 
It is not attacked by dil. HCI and H,SO, and not e 
HCl. But, it dissolves readily in dil. HNO, : 

2Bi+ SHNO}=2Bi(NO,),-+-2NO+.411,0, 


When: heated with conc; Н,80,, bismuth is converted into bismuth 
Sulphate, and SO, is liberated : 


2Bi4- 66,50, — Bi,(SO,), +3S0,+ 6H,O. 


ven by conc. 
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Compounds of bismuth. 
Bismuth hydride, BiH; (bismuthine) : BiHs is obtained in minute 
quantities when an alloy of magnesium and bismuth is treated with 
dilute HCl. Itcan be detected by using a radioactive isotope of 
bismuth in the alloy. It has a transient existence. It is very un- 
stable, much more so than AsH, and SbHs. 
Oxides of bismuth : Three oxides of bismuth are well-known, 
viz. Ві,Оз (trioxide), Bi,O, (tetroxide) and the pentoxide, Bi,O;. 
Bismath trioxide, ВіОз : Itisa yellow powder, obtained either 
by heating metallic bismuth in air or, by strongly heating Bi,(COs)s 
or any other salt of bismuth : Ві(СОз)з=В0з+ 3CO ; 4Bi(NOs)s= 
2850, +12К0, 30. j 
It is rather amphoteric in nature and reacts with alkal 
forming bismuthites and bismuth salts respectively : 
BisO3-4- 6NaOH=2Na;Bi0,+3H20. 
Bi,O3+6HCI=2BiCl,+3H;,0. 
Bismuth tetroxide, ВЊО, : | Bi;O, is prepared by. passing chlorine 
through a suspension of the trioxide in dil. KOH : 
Bi,O;-- Cl. +H:O=Bi,0.+2HCl. 
It is scarlet-red powder. 
Bismuth pentoxide, Bi,O;: When chlorine is passed through a 
suspension of Bi,O, in water for a long time, a scarlet-red ppt. of 
KBiO, is obtained. This potassium metabismuthate, KBiO;, is first 
washed with water and then boiled with dilute nitric acid, when it is 
converted to the scarlet-red metabismuthic acid, НВО. This is 
then dehydrated over concentrated H,SO,, and bismuth pentoxide 


is thus obtained : 


is and acids, 


-H,O 
—_—— ВО 
(conc. H,SO,) . 
hous solid. When heated above 120°C, it 
and oxygen: -BijO,—BhO,O» It is a 
g oxidising agent and reacts with НСІ to produce ВІСІ, 
e chlorine: Bi,0,+10HCI=2BiCls+2Cle | +5H,0. 
c acid, it forms Bi;(SO4)s and liberates oxygen : 
Bi,Os+ 3H,SO,=Bis(SOw)s+ O, 1 +390. 


2HBiOs 


js a brown ammorp. 


It ~ 
into Bi,Os 


decomposes 
fairly stron 
and liber: at 


With sulphuri 
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test for nitrite confirms the Presence of nitrate, from which this 
nitrite is derived. 


detected as the orthophosphate ion, PO. When a solution 


yanions of Phosphorus) is heated 
nium molybdate Solution is added 


of ammonium Phosphomolybdate’ 
is deposited : 


12 (NH MO NEP Oe ано но PPM О, + 


's+21NH,NO,+ 12H;O 
Arsenate, AsO,*-, i 


arsenomolybdate. 


Phosphate may be 
from a solution con- 
of a slight excess ofa 

8(NH,)PO, is filtered, 

Washed free of Mg? and ignited to Mg;P,O, ina silica or porcelain 

crucible, cooled in a desiccator and weighed. 

Test for arsenic : Arsenic (generall 
detected in Gr, IIB of t 


y in its trivalent State) is 
passed through a solut; 


mistry as As,S,, when H 
of an arsenic compound in dil. НСІ: 
PASCI Зна Ass, | +6HCI. 

yellow 
Even arsenites a 
‘longed treatment 


¿S is 


Precipitated as AS;S, on pro- 
ELS. This As,S; is then converted into the 
i yellow ammoniy 


entrated HCI. The 
o arsenate, AsO,2-, b 


treated with magnesia mixture (MgCl,-- NH CI+ 
NH,OH), When a crystalline white Precipitate of Mg(NH,)AsO, 
confirms the Presence of arsenic. 
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Traces of arsenic is efficiently detected by the Marsh test, which 
is based on the formation of volatile AsH, and its thermal decom- 
position into the black mirror of elemental arsenic : 

2As**+ 6H*+3Zn=2AsH,+3Zn* ; 


2AsHs2As--3H, 1. 
black mirror 


Determination of arsenic: Апу compound of arsenic can easily 
be converted into either arsenite or arsenate, and arsenic is generally 
estimated either as arsenite or arsenate. 

Arsenites are conveniently ditermined by titrating with a 
standard iodine solution at a pH —8 (maintained by the presence of 
NaHCO, in the reaction medium, which consumes up the H* ions 
generated), using starch as indicator : 

AsO,°--+-I,+-H,O=AsO,°--+ 21-4 2H*. 

Arsenates are determined iodometrically in acid solutions by 
treating the solution containing arsenate with an excess of KI and 
titrating the liberated iodine with a standard thiosulphate solution, 
using starch as indicator: 

AsO4?- J-2H* 4-217 =А50 5 +1:+-H,0. 
I,+2Na,S,0,=Na:S,0,+2Nal. 

Test for antimony: ‘Antimony may be detected as the orange 

Sb,S, by passing H,S through a dilute НСІ solution containing 


antimony : 23001 ВН ава Бано, 


It is soluble in yellow ammonium sulphide and hence, is 
separated from the Gr. IIA sulphides (HgS, PbS, CuS, Bi,S;, CdS) by 
“warming with yellow ammonium sulphide and subsequent filtration, 

when antimony (along with arsenic and tin) goes into the filtrate : 
SbaSs+3(NH,hS +28 >2(NH,),SbS. 


soluble 

When this solution containing antimony (as thio-antimonate) is 
acidified with conc. НСІ, antimony ‘comes in the solution as 
H[SbCh] (As,Ss is not dissolved). If clean, shiny iron nails are 
dropped into this solution containing H[SbCl,], black metallic 
antimony is slowly deposited on the iron nails, confirming the 
presence of antimony. This happens because antimony occurs 
below iron in the electrochemical series. 
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Determination of antimony: When present in the +3 oxidation 
State as Sb'? or as SbO,-, it can be estimated iodimetrically as 
iodine can oxidise SbO,- to SbO;- (i.e. Sb*? to Sb*5) quantitatively. 
The solution containing antimony (to be estimated) is treated with a 
Measured excess of standard iodine solution (in a carbon dioxide 
atmosphere) and the excess iodine is back titrated with a standard 
thiosulphate solution, using starch as indicator : 

560 --I--H,O = SbO;--L-2HI. 
+ 2Na,S,0;=Na,S,0, +2Nal. 


Test for bismuth: On passing H,S through a dilute НСІ Solution 


recipitated in Gr, IT (of analytical 
chemistry) asa dark brown precipitate, 


Any salt of bismuth in acid. solution, vi i M 

of BIOCI, on being added to a large Whee ee dL 
ВІОСІ is not soluble in oxalic aci 

acid (difference from antimony), but ; 
and H,SO,. à 


— 


CHAPTER XVII 
GROUP VIB ELEMENTS : THE OXYGEN FAMILY 


The group VIB of the Periodic Table consists of the elements 
oxygen, sulphur, selenium, tellurium and polonium. They are also 
called the chalcogens, meaning the ore-forming elements, because, most 
of the ores of metals occur in nature as oxides or sulphides. There 
is practically no resemblence between the metallic elements of 
‘Gr VIA (chromium, molybdenum, tungsten and uranium) and these 
non-melals of VIB. 

Oxygen is the most abundant element, and in the combined state, constitutes 
about 47% of the earth’s crust. Large amount of oxygen occurs in the free state 
in the atmosphere (~21% by volume). As water, it constitutes almost 90% of all 
the oceans. Sulphur is also fairly abundant and occurs to the tune of ~0.05% of 
the earth’s crust. Selenium, tellurium and polonium ‘are rather rare and occur in 
the earths crust to the extent of only 10-7, 10-7 and 10738 per cents respectively. It 
is quite clear that polonium is very rare." It isa member of the Thorium and the 
Uranium series and is an «-emitter (See Vol. I pages 204-206). Its chemistry becomes 
oomplicated düe to its intense «-activity under all conditions, and we will give 
polonium less importance in our discussion, when we disscuss the behaviour of the 
individual elements as members of this group. 4 

All'the elements of this group are ‘p’-block elements with ns*np‘ 
configuration in their valence shells. The regular variation of the 
important physical and chemical properties with atomic number is 
well-reflected in this group. d 

Some more important characteristics of the Gr VIB elements are 
given in table 17.1. 


Variation in physical states of occurrence and the allotropic 
modifications: Like the elements of the preceding group (Gr. VB), 
these .elements exhibit a gradual transition in their states of natural 
occurrence. Oxygen isa gaseous element which can be liquefied 
at —183'C. The next member sulphur is a rather soft and com- 
paratively low-melting solid, vaporising at 444:6°С. Selenium, 
tellurium and polonium are all solid substances and are much 
harder than sulphur. Among the elements of this group, the M.P.s. 
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and the B.P.s. increase with atomic number from oxygen to 
tellurium, but drops down in polonium, which (like bismuth, the 
last member of Gr. VB) has an unusually low M.P. 


This group of elements is rather exceptional in that, ай the 
members exist in allotropic modifications (in Gr. VB, bismuth 
exhibits no allotropy). Ozone (О,) and oxygen are the two allotropic 
modifications, both existing in the gaseous state. 


Sulphur exists in several allotropic modifications. In the solid 
state, sulphur exists in three allotropic modifications, viz. «, B and y 
sulphur. The «-form is the commonly occuring variety, stable upto 
98'C, and belongs to the rhombic crystal system. The g-form 15 
stable between 98° and 122°C and belongs to the monoclinic 
system. Both the «- and the 8-forms consist of 8-membered puckered 
rings of sulphur and hence, are represented as S, However, 
for simplicity's sake, elemental sulphur is represented as S ín 
ohemical reactions. In the liquid state, at least two allotropes, SA 
and Sp are recognised. 


Selenium is found to exist in four allotropic modifications, 
three crystalline and one amorphous. The stable, commonly 
eccuring form of selenium belongs to the hexagonal system, in 
which the crystals are made up of zig-zag chains of selenium atoms. 
Other two allotropes, «- and f-selenium, belong to the monoclinic 
system. The «-form and the common form of selenium are made 
up of Se, rings, analogous to the S, molecules. The fourth form is 
the amorphous selenium. 


Two allotropic modifications of tellurium are known. The 
common and the stable form belongs to the metallic hexagonal 
system, in which the crystals are composed of zig-zag chains of 
telurium atoms, analogous to the common form of selenium. A 
black amorphous variety of tellurium is also known. 

Polonium is reported to exist in two allotropic modifications, one belonging to 
the cubic and the other belonging to the rhombohedral systems of metallic crystals. 

Atomic volume and atomic radius: As expected, atomic volume 
and atomic radius increase down the group with the increase in 
atomic number. This is clearly indicated in the values cited in 
Table 17.1. 


12 
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Ionization potential: The ionization potentials of these elements 
decrease gradually from oxygen to polonium, with the increase in 
atomic number and with the consequent rise in the atomic volumes 
and the screening effect of the inner layer of electrons. The first 
ionization potential of oxygen is very high, which is prim: 
to its high electronegativity compared to the other members 

Melting and boiling points: As we 
melting and the boiling Points increas 
number. The only exception is poloniu 
much lower than that of tellur 
selenium (217°C). j 


arily due 
move down the group, the 
€ regularly with the atomic 
m, which has а М.Р. (254°C) 
ium (449:5*C) and nearer to that of 
Along with the increase in 
ion potential, the metallic 


members of this group. The first tw 
Sulphur, are typical non-metals. 


electronegative element in the periodic table and only fluorine is 
more electronegative than Oxygen. Selenium and tellurium are 
weak non-metals, with tellurium exhibiting some metallic character. 
The heaviest member, polonium is a true metal. This gradual 
change from non-metallic to metallic character is less marked 


Served in the previous Gr. VB, but it is exhibited 
in the following characteristics : 


(a) Change in conductivi 


© members, oxygen and 
Oxygen is the Second most 


ty: Conductivity increases from the 


d sulphur to seleninm and tellurium, 
the crystalline forms of which falls in the semico 


: nductor Class, while 
polonium is a conductor of both heat and electricity, 
(b) Change in the acidity of the h 


ydrides : 
weak acids, yielding Н+ ions in aqueous soluti 


the hydrides Н.Х (X=0, S, Se, Te) increases 
atomic number. , 
(c) Nature of the oxides : Acidity о 


e f the Comparable typo ‘of 
oxides (say, the dioxides of the general fo; 


i rmula RO,) decreases from 
sulphur to polonium. Thus SO, and SeO, are distinctly acidic and 


yield H,SO,; and Н,5е0, on dissolution in water, TeO, is soluble im 


both alkalis and acids, indicating its amphoteric character, while 
PoO, is distinctly basic. 


All the hydrides are 
On. The acidity of 
with the increase in 
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(d) Strength of the oxyacids: Strengths of the oxyacids (say, 
the ‘ic’ acids) decrease sharply from sulphur to tellurium. Thus, 
sulphuric acid, H,SO,, is one of the strongest protonic acids and 
selenic acid, H,SeO,, is much weaker.  Telluric acid, H,TeOg, is even 
weaker. Polonium is purely metallic and does not form any 
oxyacid. 

Electron affinity and electronegativity : Both these quantities 
decrease with the increase in atomic number, along with increase in 
atomic volume and the consequent increase in metallic character. 
This implies that, the heavier elements would occur in positive 
· oxidation states in combination with the more electronegative 
elements - (only Gr. VIIB elements, the halogens, are more 
electronegative). 


Nature of bonding: The valence-shell electronic configuration 
of the Gr. VIB element is ns?np*, with the ns-orbital accommodating 
two paired-up electrons while, of the four np-electrons, two are 
paired-up and two are unpaired single electrons (See vol. I, p. 98.). 
Hence, it is clear that all of them are just two short of the ‘octet’ 
of the next inert gases. Since they are much closer to the succeeding 
inert gases than the preceding ones, the question of their losing the 
six outermost electrons to attain the configuration of the preceding 
inert gases does not arise at all. They can attain the configuration of 
the next inert gas in the following manner: (8) by gaining two 
electrons from less electronegative elements, resulting in the formation 
of the di-negative chalcogenide (Х?-) ions. However, the formation of 
the di-negative ions by the process, X--2e ——- Х2“, is energetically 
rather unfavourable, because of the net negative electron affinity of 
the chalcogens (see vol. I, Chapter П, p. 118). But, we come 
across many ionic oxides and sulphides (which occur in nature 
rather abundantly and are also easily formed from the elements), and 
their formation is best attributed to the favourable lattice, energies 
(see vol. I, Chapter. Ш, pp. 34-36) which overcome the unfavourable 
electron affinities; (b) by completing the octet by sharing the two 
unpaired np-electrons, forming two single covalent bonds and leaving 
two lone-pairs of electrons, one pair located in the zs level and the. 
other in one np-level. Such molecules (like H,O) generally act as 
monodentate donors towards Lewis acids and metal-ion acceptor 
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centres ; (c) the octet can also be completed by the formation of a 
double bond, generating species like S—O. 

Since, only the halogens (members of Gr. VIIB) are more 
electronegative than these elements, 
chalcogens constitute the electro-ne 
'vity of oxygen being very high (s 
number of the inorganic compou 
ionic in character. Electronegati 


Оор, polonium isa true 
n character, 


and more so in 
obeying Fajans rules of io 


nic distortion. 
Oxidation states: As the Principal quantum number of the 
valence-shell of oxygen 


is 2, it does not Possess potential d-orbitals 
for bonding Purposes and hence 
species, 


involving . two unpaired np-electrons and two lone-pairs, 
Thus, oxygen can exhibit a valen ; the other 
elements of this group, the d-orbitals for 


alcogens, 
: True s idati is SUD 
by oxygen and sulphur in the oxides and sulphides 
electropositive metals. In the Cases 
state is attained in their 

and also wi 

stability of the (—2) oxidation state decreases 
atomic weight, and polonium €xhibits Practically no PR. | 
oxidation state. This is the Ieason underlying the MH EE ive 
reducing character of the hydrides (XHj) from Sulphur to "d the 
 — Positive oxidation states: The valence-shajl electronic i pum. 
tion of ns'np* suggests the- existence of formal oxidation И 


th hydrogen, The 
With the increase in 
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of (+4) and (+6), corresponding to the involvement of the four 
np-electrons and all the six np-and ns-electrons in bonding with 
more electro-negafive elements. As already pointed out, oxygen 
displays the (4-2) oxidation state with fluorine in F,O. 

Sulphur and the other heavier members have vacant ‘d’-orbitals 
in their outermost shell. In the normal or ground state, all these 
elements have two unpairéd np-electrons, which can form only 
two single covalent bonds. On excitation, one of the paired-up 
electrons in the np-level gets unpaired and is promoted to one of 
the vacant nd-levels, resulting in a valence-shell configuration of 
ns'npnd. This results in making four unpaired electrons available 
for the formation of four single covalent bonds in the formal (+4) 
oxidation state. On further excitation, the two paired-up ns- 
electrons are also unpaired and one is promoted to one of the 
vacant nd-orbitals, resulting in the generation of the formal (+6) 
oxidation state by attaining the valence-shell configuration of zs!np?- 
nd?, and thus making provisions for the formation of six electron- 
pair bonds. However, it must be kept in mind that, in these excited 
States, the atoms undergo suitable hybridisation process, resulting in 
the energetically stable geometrical arrangements of the electron- 
pairs (both bond-pairs and lone-pairs) in the resultant molecules. 

The positive and negative oxidation states, displayed by the 
members of Gr. VIB, are given in the following table, along with 
some suitable examples : 


TABLE 17.2 
(Oxidation states of the Gr. VIB elements) 
Oxidation state Oxygen Sulphur Selenium Tellurium Polonium 

vO — SO, 520; тео, = 
HS0, H,SeO, H,TeO. 

ih - SO, SeO, TeO; — 
#,50; Н,5е0, 
SCI, SeCl, тесі, — 

-1 = Na;S, = = = 

=2 H,O H,S бе H,Te i 


Na,O Na,S 
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Catenation or self-linkage : 
previous group of elements ( 
sulphur exhibit the property 
limited extent. Thus, 


ozone molecule, Os. Sulphur exhibits this Property toa greater 


P in the S,-molecule. 
also contains several 


because th 


mic number, 
Chemical reactivity ; Chemical г 


eactivity in this group of elements 

decreases from oxygen to tellurium, Oxygen exhibits high activity 
towards the most electropositive alkali (Gr. ТА) and the alkaline * 
earth (Gr. ITA) metals, ordinary conditions, But, Sulphur 
: while Selenium and 
enides and tellurides, 
OXygen and Sulphur 
nium and tellurium 


selenium and tellurium, 

Hydrides; АП: ће elements о 
general formula HX, where X=0, 5, Se, de unl ee 
water (which is a liquid), HS, H,Se and 


H.Te are foul- 
at ordinary temperature. Water is a liquid and has 


Apart from 
Smelling gases 
much higher 
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melting and boiling points due to the association of its molecules 
through hydrogen bonding (See vol. I., chapter IX, p. 335). Boiling 
points of H,S, H,Se and H,Te gradually decrease in that order. 
Variation of some other important properties of these hydrides may 
be represented as : 


Ionic character. increases 
Acidity. ara 
H,O, H,S, H;Se, Н,Те 


——> 


j Thermal stability. 
sea Covalent character. 


e—_——_— 


Hydrogen bonding. 


All the hydrides are weak protonic acids. The acidity of the 
hydrides is found to increase from H,O to H,Te. "This is rather 
unexpected, as the electronegativity decreases in that direction. 
However, the increase in atomic volume with atomic number must 
also be taken into consideration, as the sum of the covalent radii of 
hydrogen and the chalcogen determines the H—X bond distance. 
A large H—X distance will definitely fecilitate the release of proton 
and hence, will increase the acidity of the hydride. This increase in 
acidity due to the increase in atomic volume of the chalcogens with 
atomic number, overcomes the opposite effect due to the decrease in 
electronegativity down the group. . 

In all these hydrides, the element displays its formal (—2) 
oxidation state, as hydrogen is more electropositive than any of 
them. But, all these hydrides are predominantly covalent, with ionic 
character increasing from H,O to H,Te dueto the same reason 
which results in the increase of acidity in that direction. 


The reducing character of these hydrides decreases down the 
group, which may be attributed to the increase in their acidity and 
the consequent release of hydrogen as Н+ and not as H- or H-atom. 

Hydrogen bonding capacity is maximum in H,O (See vol. I, 
chapter IX), and is responsible for its exceptional properties like 
high B.P., dielectric constant etc. Along with the decrease 
in electronegativity from oxygen to polonium, the hydrogen bonding 
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character decreases, and becomes negligible, for all 
purposes, after sulphur. 

H:O, (see vol. I, chapter IX) and H, 
known. H,O, is much more stable than 
ordinary temperatures to H;S and S. Н, 
agent like H,O,. The structure of HLS, is similar to that of H,O,. 


Halides: The names of the different halides formed by the Gr. 
VIB elements are given in the following table : 


practical 


S, are two other hydrides 
H:S», which decomposes at 
S; is not at allan oxidising 


TABLE 17.3 


Fluorides Chlorides 


F,0, F,0, 


SF, SF, 
1Fs, SF,, S.CL, 
ЗВ, 4, D st ёсь, 5,Вг, | c 
Selenium Зов еВ, | sec, SeBr, 
Ser, SeCl, SeBr,' 
Е por cr НЫЙ 
Tellurium TeF,, TeCh, TeBr, | Te 
Тер, тест, TeBr, = 
guru e] 
Polonium 


halides of oxygen. 


Monohalides : Monohalides of 
Cl and Br), are known for S, Se 
monochlorides, and monobromides 
yields S,F, in addition, Of these 
Some importance andit isa Planar molecule 
the sp?-state of hybridisation. 
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All these monohalides are hydrolysed slowly by water: 
2S,X,4-2H;0O —4HX--SO,4-3S. The ease of hydrolysis decreases 
from sulphur to tellurium. 


Dihalides : Difluorides’ of the chalcogens are not known. 
Dichlorides are formed by S, Se, Te and Po, while dibromides are 
known for S, Se Te and Po. Sulphur dichloride, SCl,, spontaneously 
decomposes to the monohalide and chlorine. Allthe dihalides are 
hydrolysed by water. The dihalides undergo disproportionation 
on heating: 2SeCl, + SeCk+Se. The ease of disproportionation 
decreases with the increase in atomic number. 


Tetrahalides : Tetrafluorides of S, Se and Te are known. SF, is 
a gas, SeF, is liquid and TeF, is a solid. Tetrachlorides of S, Se, Te 
and Po аге also known. SCI, is an unstable liquid. SeBr,, TeBr, 
and PoBr,are all solids. But, only Te and Po form tetraiodides. 
The tetrafluorides have trigonal bipyramidal structure, involving 
sp?d-hybridisation (see vol. I, p. 150 and 156), with the four halides 
occupying four corners and the lone-pair sitting in the fifth position. 
It is due to the presence of this lone-pair that the tetrahalides can 
act as monodentate donors (Lewis bases) towards acceptor centres, 
to which they donate the lone-pair of electrons. The tetrahalides 
are more reactive than the corresponding hexahalides. 


Hexahalides : Excepting polonium, $, Se and Te form hexa- 
fluorides. Allthese hexafluorides are colourless gases and covalent 
in character. Hexachlorides and hexabromides of these elements 
are not known. The hexafluorides have octahedral structures, 
involving sp?d?-hybridisation (see vol. I, p. 150 and 157). The 
stability of the hexahalides decreases from sulphur to tellurium. 
Thus, SF, is very stable and inert, and is not hydrolysed by water. 
SeF, is slowly hydrolysed and TeF, is completely hydrolysed in 
20-24 hours. Since all the three atoms (S, Se, Te) possess vacant ‘d’- 
orbitals: usable for the initiation of nucleophilic attack by H;O, the 
factor responsible for the observed difference in hydrolytic stability 
is probably the increase in size of the central element, resulting in 
less efficient shielding by the six fluorine atoms. It is due to this, the 
central element becomes more exposed to attack by H,O and other 
nucleophilic reagents. The increase in ionic nature of the chalcogen- 
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halogen bond (S—CI, Se—Cl etc.) may also contribute towards the 

decrease in hydrolytic stability from SF, to TeF,. 
Oxides: Oxides of this group are the binar 


oxygen with the other chalcogens. 
chalcogens are : 


y compounds of 
The well-known oxides of the 


SO : Тео PoO 
SO, SeO, TeO, PoO, 
505 SeO, Тео; 


Monoxides: SO is а very unstabl 
dithionous acid (H,S,O,) on reacting wit 
and basic, and dissolves in H,SO,, 
definitely basic and dissolves in 
polonium salts. 


Dioxides: All of S, Se, Te and 
formula XO,, of which SO, and Se 
character and yield Sulphurous acid 
(H,SeO,) on dissolution in water. 
and dissolves in alkalis 
also in acids to yield basic 
gas, but SeO, is a solid 
(SeO,),,. 


€ acidic oxide, and forms 
h water. TeO is also unstable 
giving a red Solution. Ро jg 
mineral acids, yielding bivalent 


Po yield the dioxides of the 
О; are distinctly acidic in 

(H,SO,) and Selenous acid 
2 is rather amphoteric 
(e.g. Na,TeO,), and 


ctly basic. SO, isa 
£ of infinite chains of the 
е аге ionic solids. 


to yield tellurites 
Salts. PoO, is distin 
comprisin formula 
ТеО, and Poo, 
triangular Structure, inyo 


SO, has a planar 
lving sp*-hybridisation, with two corners 
Occupied by the two oxygens and the third bya lone-pair, This is 
the reason of SO, being capable of acting as a Lew 

Trioxides : SO,, 


is base, 
SeQ, and TeO; are the thre 
Allof them are distinctl 


€ known trioxides. 
y acidic in Dàture and 
on dissolution in water : 


form the ‘iv’ acids 
S0;+H:0 = H,SO, ; 
SeO,+H,0 = Н,5е0, ; 
TeO,+3H,0 = HyTeo,. 

The acidic character of the trioxides decreases from sulphur to 
tellurium, parallelling the decrease in Clectronegativity in that 
direction. 

The SO, molecule possesses 
sp?-hybridisation (see vol, І 


gular structure, involving 
trioxides probably have si 


П, p. 155 The other 
Тез in the Gaseous state, 


» Chapter Y 
milar structu 
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Because of the availability the outer *d'-orbitals, SO; can act asa 
Lewis acid and as an oxidising agent, by accommodating electrons 
from other reacting substrates. 

Oxvacids: Of S, Se, and Te, sulphur forms a large number of 
oxyacids. The comparable oxyacids of these three elements, (the 
‘ous’ acids and the ‘ic’ acids), are obtained by the dissolution of the 
dioxides and the trioxides respectively in water. Just like the oxides, 
the acid-strengths of both the ‘ous’ acids and the ‘ic’ acids decrease 
from sulphur to tellurium, i.e. H,SO,>H,SeO,>H,TeO; and 
H,SO,>H,SeO,>H,TeO,. Also, the *ic' acids are much stronger 
than the corresponding ‘ous’ acids, i.e., Н.50;> 9,50; H,Se0,— 
Н,5еОз etc. This is quite logical because, an increase in the number 
of oxygen atoms attached to the central chalcogen atom (in the 
molecule of the oxyacid) increases the electron-attracting power of 
the chalcogen atom. Thus, the effective ele stronegativity of sulphur 

` in SO, is greater than that of sulphur in 50,. Now, the simple 
bond structures of H,SO; and H;SO, аге : 


o H-—0 о 
ОА но“ SO 
(H2303) (H2504) 


Since, the electron-attracting power of the sulphur atom in sul- 
phuric acid is greater, it will exert this effect to the bond-pair holding 
the H—O bonds through the hydroxyl oxygen atom and pull this 
bond-pair towards itself. This inductive effect (see vol. I. p. 165 ), 
shown in the above figure, will result in a more facile release of 
protons in the case of H,SO,, compared to that of H;SO; which 


contains lesser number of oxygen atoms attached to the central 
sulphur atom. 


OXYGEN 


It has been mentioned earlier that oxygen is the most 'abundant 
element and in the free state, it constitutes about 21% of our 
atmosphere. It is absolutely essential for the respiration of the 
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human beings and other higher forms of life. 


Its isotopic composi- 
tion is : 


8015 30!” вО! 

997705 0.1% 0.2% 

It occurs in two allotropic f orms, О, 

Special characteristics of oxygen : 

Following the general 

elements, oxygen, the first 

difference in properties fr 

are due to the following r 


(oxygen) and О, (ozone). 


principle of the Periodic ¢ 
member of Gr. VIB, exhi 


om the higher members, 
easons : 


lassification of 
bits considerable 
Such differences 


are far less common. 


=2, it has no ‘d’-orbitals utilisable 
Octet expansion. As ar 
higher 


у electrons 
o ongly paramagnetic, while all the other 
diamagnetic in character. 


pounds containing hydrogen. 
(vi) Dueto its high dissoc 
are essential to initiate oxida 
This is the reason for the г 
ordinary temperatures, 


iation energy, lar. ivati 
a ? агре activatio i 
tion reactions b i Sir a 
Bi . 
Y of oxygen at 


“actions are ћу hl 
: > 8065 оп with vi lY 
reason of its high activity at ele 


tivit 
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Structnre of the ©,-molecule. Any structure of the oxygen 
molecule must explain (i) its paramagnetic behaviour and (ii) its 
high dissociation energy (~118 Kcals/mole). The structures I and II 
were first proposed for the О, molecule : 


:0 : о: :0::0: :0—0: 


I Hi Ш 


The structure I accounts for the paramagnetism of the О,-тоје- 
cule, but fails to explain its high dissociation energy, since, only a 
single bond holds the two oxygen atoms together. Also, it does not 
conform to the octet rule. The structure II, because of the presence 
of a double bond in it, can account for the high dissociation energy 
of the O,-molecule; but, the lack of the presence of unpaired 
electrons cannot explain its paramagnetic behaviour. Linus Pauling 
has suggested the structure ШІ, in which the two oxygen atoms are 
held together by two three-electron bonds and one normal electron- 
pair covalent bond. Each of the two three-electron bonds has one 
unpaired electron, accounting for the parmagnetism. The two three- 
electron bonds (each of about .half the strength of a normal 
electron-pair covalent bond) and one normal electron-pair bond, 
together impart the same strength of bonding as that of a double 
bond. Hence, it can account for the high dissociation energy of the 
O,-molecule. However, it must be noted that the existence of two 
unpaired electrons, giving rise to its paramagnetism and its high . 
dissociation energy, is best explained by the application of the 
molecular orbital theory (M. O. Theory) 


For all practical purposes, oxygen is mostly obtained by the 
fractional evaporation of liquid air, and to some extent, as a by- 
product of electrolytic manufacture of hydrogen, caustic soda etc. 
The other methods of preparation of oxygen from compounds of* 
oxygen are of little practical use. Hence, only the principles of 
a few such methods are mentioned here. 


1. By the thermal decomposition of salts of some oxyacids : Salts 
of oxyacids (rich in oxygen), like the nitrates and  Chlorates, 
decompose on heating to a high temperature, yielding oxygen. The 
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presence of a catalyst often lowers the decomposition temperature to 
а considerable extent. 


Red heat 


2NaNO, -  2NaNO;4-0, ; 


о, 


2KCIO; > 2KCI4-30, ; 


О; 


2KCIO, 


> 2KCI 4-30, ; 
Catalyst) 


The last reaction is utilised fo 


r r the preparation of oxygen in the 
laboratory. 


2. By the thermal decomposition of oxides 
2820 > 2Hg--O, ; 
2Ва0, —- 2Ba0-1-0,. 
Oxygen. from air: Atmospheric air jg first passed through 
several purifiers and then | i 
to fractional evaporation. At 
(b.p. 77.3? K) boils off Teadil 
(b.p. 90.04°K), comes Off after 
DP. 314-316). 


Oxygen by the electrolysis of Water: This ; 
: Process is 

the manufacture of hydrogen, and Oxygen is CH m 
Product. The details of this process is given in % 
pp. 326-327, . volume 

Physical properties : 
tasteless gas, Slightly so 
pressure, only after cooling below its criti 
oxygen is pale blue in Colour, bo; — 183 4 
—219'C. Gaseous, liquid and soli C and freez; 

Chemical properties : 
elements except the inert gases, and forms 
oxides. Oxygen is a vigorou: 
non-combustible. 

Тавре of its chemical affini 
oxygen, at ordinary temperatur >is comparati ^ 
due to its high dissociation е Paratively inert 


and peroxides, 


Oxygen is a colourless, 


х Odour} 
luble in water. M Land 


It can 


This is 
» requiring a 
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comparatively high temperatures. But, most of such reactions are 
strongly exothermic, and once initiated, proceed spontaneously. 
1. Formation of oxides by direct combination. 

Excepting some noble metals like gold and platinum, oxygen 
reacts with most of the metals and non-metals at elevated tempera- 
tures, forming different types of oxides. Some typical reactions of 
oxygen with metal and non-metals are : 


2H;--O, = 2Н,О ; 4Na4-Oe = 23а,0 ; 

2Ca+O, = 2Ca0; 4A1+30, = 2h05; 

C+0, = CO, ; 4P+50, T POr ; 
S+0,=SO,. 


2. Oxidation reactions. 
Oxygen effects oxidation of many inorganic compounds at 
elevated temperatures in presence or absence of catalysts. ` 


Pt-gauge 
4NH,+50, == 4NO+6H,0 ; 
МАО /Pt-asbestos 
250,+0, = > 250, ; 


2NO+0, == 2NO; 
3. Combustion of organic compounds in oxygen. 

At or near the ignition temperatures, oxygen reacts with many 
organic compounds. When it is present in excess, the ultimate 
products are mainly carbon dioxide and waiter : 

CH,-++20,—CO,+2H,0 ; 
2C,H,+30,=4CO,+2H;0 ; 
2С;Н, + 150,=12CO,+6H,0 ; 

C4,H,,0,4 4-120, — 12CO, J- 11 H;O. 
4. Formation of ozone. 


On passing silent electric discharge through oxygen, ozone is 
formed: 30, = 20,. 


Atomic Oxygen: Because of its high dissociation energy, it requires a very high 
temperature to generate atomic oxygen from molecular oxygen : 


at 

: 200 +> 210]; AH —4-116 Kcals. 
The reaction, being highly endothermic, requires the continuous presence of high 
temperature, л 
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On passing electric discharg 


€ through gaseous oxygen at low pressure, 20% of 
the oxygen molecules dissociate. 


» Yielding atomic Oxygen. 


» Which is more electron, 
oxygen. 


Formation of the о 
place through two ste 
energy : 


xide ion (0?) from molecular Oxygen takes 
PS, each involving Considerable amount of 
3048) > O(g) ; A Н=60 Keal/mole ; 
O(g)--2e — O*-(g) ; A H—176 Kcal/mole, 
ог, $Os(g)--2e > O?-(g) A H=236 Keals/mole, 
Thus, the process of Onide-ion fo Molecular oxygen 
requires a large amount of energy and hence, oxi 
energetically rather unfavourable, But 
oxides (involving the 02- ; 


rmation from 


Classification of oxides : 
exides have been adopted by 
classification based on the Teactions of the Oxides with wate 
(8) the method based on their over- 


% аге most useful, 
G) Classification of oxides based on their y eactio 
In this classification, an oxide is te 


Imed asa basic 
whose aqueous solution reacts basi 


у (ionic) oxide, 
5 basic (ie, PH>7). р Such a basic 
oxide is represented as MO, it Will react With water as: 


fferent Ways 


different authors, 
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2MO+H,0 = 2MOHz22M*-4-20H-, i.e., it will generate OH- ions, 
or displace OH- ions from water, making it basic or alkaline. Since, 
such basic oxides are ionic, containing the O?- ion, its basic character 
in water may also be explained by the reaction : 
O?---H*—OH- — 20H- 
(from water) 

Thus, we can visualise the oxide ion, O?-, as the basic anhydride. 
lt is also clear from the above reaction that, such bases will react 
with acids like НС! and neutralise it : 

CaO(s)H-2HCl(aq) — Ca**(áq)4-2CI- (aq) J- H;O. 
In a similar manner, the basic character of the peroxides and the 
superoxides can also be explained : 
O;:---H:—OH-—0,H---OH- ; 
peroxide 
20,7--H*—OH- — 0,4- O;H---OH-. 

superoxide : 

In all the above reactions, the O?- ion behaves as a Lew's base 
and water as Lewis acid. 

Acidic (covalent) oxides are those oxides, whose aqueous solu- 
tions are acidic (pH—7). These are generally oxides of. non-metals, 
Taking the example of sulphur dioxide, their acidic behaviour i in 
aqueous solution can be explained as : 

H 

O=S=0(g)-+:0: (1) = H,SO,(aq) = H*(aq)--HSO;-(aq). 

Thus, such oxides may be considered as acid anhydrides. 
Metallic oxides like Mn,0,, in which the metal is in a high oxidation 
state, react with water to form acids : 

MnO, (s)--H,O(l) > 2HMnO,(ag) = 2H*(3)4-2Mn07 (аа): 

Both the above reactions are acid-base reactions in which the 
oxides act as Lewis acids and water. acts as Lewis base. _ CrO; also 
reacts similarly : 

CrOs(s)--H,O(I) > H,CrO,(aq) = H*(aq)-- HCrO;(aq). 

` Amphoteric oxides: The amphoteric oxides have the capacity of 
reacting with both acids and bases. The reactions of zinc oxide 
will represent such a model : 

13 
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ZnO(s)4-2HCl(aq) —Zn*?(aq)--2Cl-(aq) 4-H;O ; : 
ZnO(s)--40H-(aq)—Zn(OH),?-(aq) or, (ZnO;?- 4-2H,0.) 

Netrual Oxides: These oxides are considered as neutral in the 
sense that, they have no apparent reaction with water, acids or 
bases under normal conditions. Examples of such oxides are МО, 
NO and CO. 

It must, however, be kept in mind that this classification is 
applicable to the representative elements only. 

Variation of the chemical properties of the oxides of the 
representative elements, from left to right in a period and down 


a particular group, has been discussed in volume I, chapter II, 
pp. 128-129. 


Classification of oxides based on their over-all Structures: In this 
method, the oxides are classified as ionic, covalent and polymeric 
covalent. The following table marks the elements 


: (representative) 
forming each class of the oxides : 
TABLE 17:4, 
li Be | B | (o N о е" 
NC UA • 
Na Mg Al Si P S а 
EAA ur | Small 
| covalent 
K Ca Ga Ge Де Se 2 | molecules, 
Rb Sr In Sn. Sb Te I 
Cs Ba Tl Pb Bi po At 
————— Ionic. —— Á— | 
Polymerised 


It is to be noted here that the ionic oxides of this classificati 
are the basic. oxides, while the covalent oxides are the acidi ca s n 
of the previous method of classification, UEM CS 


Uses of Oxygen: Thé real importance of Oxygen is bec f 
its vital role in processes like respiration and combustio pe o 
used for helping the respiration of weak persons, for the UA 
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of under-water divers (mixed with nitrogen or carbon dioxide), to 
help the respiration of mountaineers and workers working. at high 
altitudes, 

In industry, it is used in the oxy-hydrogen and oxy-acetylene 
flames for welding and cutting processes. 


Liquid oxygen, mixed with suitable liquid fuels, is used in the 
propulsion of jets and rockets. Liquid oxygen is also used for the 
production of low temperatures in the laboratory. 


OZONE 


Ozone (Оз) is the only allotropic modification of oxygen. It is 


a highiy unstable gas which occurs in traces in the upper atmos- 
phere. 


Preparation: Ozone (or rather ozonized oxygen) is usually 
prepared by the passage of silent electric discharge through oxygen. 
The mechanism of formation of ozone from oxygen involves 
the partial dissociation of some oxygen molecules to atomic oxygen 
in the first step. In the second step, the Оз molecule is formed 
by collisions between atomic oxygen and oxygen molecules : 

O, — O+0, 
0+0, ~ 0,; AH— —241Kcals. 

These- O, molecules are in a highly energised state and get them- 
selves stabilised by transferring its excess energy to the remaining 
oxygen molecules by collisions. 


The maximum concentration of ozone achieved in this method 
is 1095. 


Ozone is also formed when oxygen is irradiated with ultra-violet 
light of wavelengths 1750A to 2500А, Some of the oxygen 
molecules are activated by absorbing uv radiation in the first step. 
In the second step, an activated O,* molecule anda normal O, 
molecule undergo colliston to form ozone and atomic oxygen. 

hy 


О, —— 0,* (activated oxygen molecule) ; 
O;*--O, —— 044-0. 
The presence of O. 


а in the upper atmosphere is probably due to 
this reaction. 
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In a more recent method, ozone is obtained in higher yields by 
electrolysing a concentrated solution of perchloric acid. at a very 
low temperature (— 50°С), using a lead cathode and platinum anode- 
The mechanism of formation of ozone in this Method is not known 
with certainty, but it is believed that ozone is produced by secondary 


reactions between the products generated by. the anodic oxidation 
of water. 

For the isolation of ozone, ozonised oxygen is liquefied first, 
when the liquid separates into two layers. The upper layer (deep 
blue) isa solution of ozone in liquid oxygen and the lower layer 
(violet), is a solution of oxygen in liquid ozone. This lower layer 
is subjected to fractional distillation, when Pure liquid ozone 
is obtained. F 

Ozone isa blue gas with bad’ 
corresponds fo the molecular fo 


Oxygen or nitrogen), it is Converted into a 
—112.4°C), diamagnetic in character. The Critical 


pressure for ozone is —5°C and 92:8 atmospheres Tespectively. It is 
more soluble in water than molecular oxygen (~ 0:5 vols, in 1 vol. 
of water) and is also soluble in ССІ, and CHCI. 

Ozone is one of the most powerful oxidising agents, 
apparent from the E°-values of the following Systems : 
A: О.+2н+р2е = O:FH,O ; B= 4.9.97 volts ; 
B : O4FH,042c = O;rF20H- ; Be=+1-24 Volts. 


fishy odour, 


Its vapour density 
mula О,. On 


cooling (by liquid 
blue liquid (b.p. 
temperature and 


which is 


: 5 5 ion, exceeded only by 
fluorine, oxygen difluoride, atomic Oxygen and t 
The couple (B) shows that, it i 

alkaline medium. But, even 


in alkaline med; Pits’ oxidising 
power is less than only the hydroxy] radica], 


It oxidises (1) ad sulphide to Je > Moist sulphur to 
sulphuric acid, iodide to iodine, the ferrous salts to the ferric salts, 
nitrite to nitrate and moist iodine to iodic acid . 

G) PbS--40,—PbSO, +40, 1 T 
Gi) S+H,0+30,=H,0,430, 4 . 
(ii) 21 EH040,—1,4208-.1.0,4 ; 


ad sulphate 
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(iv) Fe*?+-2H*+0,=Fe**+H,0+0, + ; 
(у) №О:-+0,=М3№Оз- +0, 1 ; 
(vi) I,+H,O+50;=2HIO,+50, + 

It is clear from the above reactions that only one oxygen atom 
per ozone molecule is utilised for effecting oxidation. However, , 
below 40°C, allthe three oxygen atoms are utilised in oxidising 
sulphur dioxide to sulphur trioxide : 

3SO,+0,=3S0,. 
On reacting with solid potassium and cesium hydroxide, ozone 
yields brown solid products of uncertain nature, possessing oxidising 
powers like peroxides. 

Ozone is metastable under all conditions and is reverted to 
molecular oxygen with the evolution of heat :: О, = 30,, AH= 
—342. Kcals. This exothermic reversion is catalysed by various 
substances like, Ag, Pt, CuO, MnO, etc. 

Addition of ozone to carbon-carbon multiple bonds (double and 
triple bonds. See vol. І, chapter III, pp. 158—160) is of much 
importance in organic chemistry in determining the position of the 
double bonds. The ozonides formed yield aldehydes or ketones. on 
hydrolysis by the rupture of the double bond present : 


A 
R-C=C—-R+ 0, in ether soln. 


(Ozonide) 


H н,0 T 
R— 6-0 *H;0,t0—C—R 


Б R К. 
If the starting olefin is of the type “с=с 3 the products 
2 


в,/ NR, 


are two molecules of ketones, BN es. 
RA 
Structure of Ozone : The electron diffraction study of ozone in 
the gaseous state, along with the infra red data, indicates that, the 


three oxygen atoms in ozone are at the three corners of an isosceles 
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triangle with an angle of 127+3° 
1.26 +0.02 A, which is 


(1.48À) and an oxyge 


and an O—O bond distance of 
intermediate between an O—O single bond 
n-oxygen double bond (1.10À), and thus 


i A 


essentially involves more than one resonating forms, each making 
nearly equal contribution to the over- 


all resonance hybrid. 


SULPHUR 


ulphur is one of the fairly abundant 
S crust. It occurs in the 
as in the combined form, as sulphides and sulphates, 


, Lousiana and Texas of U.S.A. and 
Mexico, In the combined State, it occurs widely as sulphi 


s phide ores like galena (PbS), 
Dyrites (CuFeS;), 1) and zinc blende (ZnS) 
(MgS0,.7H,0), celestine 


and as sulphates like 
(SrSO,) etc, 


tion of Sulphur ; 


depth of 709 

| concentric pipes are sunk down i 
superheated water (а! ~ 180°C) i 
tube. This superheated water 


In the American 
—1500 feet. Three 


ugh th 
the simultaneous upward thrust of the com; 


Pressed hot air and the 
superheated water forces the molten Sulphur (as a foam of water, 
sulphur and air) up the pipe at the middie, Which is collected in 
Suitable vessels. On cooling, the sulphur Solidifies and is taken off 
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from the .water. The process is continuous and the purity of 
sulphur, thus obtained, is in the region of 99.5%. It сап be further 
purified by distillation. 


~—— Compressed hot air 


Sulphur foam<— 


-<— Superheated sleam(-1800) 
at high pressure 


7777: Ground leyel 


Fig. 175 


Allotropy of sulphur : Elemental sulphur exists in several allotropic 
modifications. In the solid state it occurs in three well-defined 
forms, «, В апі у. The common variety of sulphur, the «-form, is 
crystalline, bright yellow in colour S 


| S S 
and belongs to the orthorhombic P PA N A 


system [See vol. II. Appendix (The 
Solid State)]. It. is insoluble in 5 
water but soluble in carbon disul- M ass 

phide. On heating above 95.5°С, (a) 

it is slowly converted into the 

monoclinic 8-sulphur, which is dull- S. 5 5 5 5 
yellow in colour and soluble in es Nf N OSE 
CS, but notin water. Both the Š | à 5 
rhombic (x) and the monoclinic (8) (b) 

forms .possess puckered S,-rings Fig. 176 

[Fig. 17:6 (а)] as the structural units, which has been confirmed 
by the determination of their molecular weights by cryoscopic 


methods in carbon disulphide solvent. The S—S bond lengths are 
2.12 A and the S—S—S angles are 105.4°. 


5 
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When solid Sulphur is heated above its melting point as hk 
the liquid sulphur retains its S,-ring Structure; but, as the 


temperature reaches ~ 160°C, the rings are Tuptured due to me 
homolytic fission of 50: L, Ch. III, 


р. 162-163), Benerating, These species 
are highly reactive and ings, forming 


The liquid 
maximum viscosity arou 
raised, the viscosity decreases, 


probably because the lo 
break up, and liquid Sulphur b 
boiling point. 


er, plástic 
is is а Tubber-like material insoluble in CS, possessing а 
ning zig-zag Chains of Sulphur, and is also known as v-sulphur. 

955 5 туе 


SI 8 C Liquid 
(Sg: molecule) (Sg moleoulo) Sulphur Sulphur 

| rhombic Monoclinic “ — S. 
(mobile yellow liquid) 


Sarg 
NT Su 
(dark brown maximum 
ee Viscosity) 
|| idu = 


| [extraction ; Liguid sulphur 
of sulphur мттоз, — Plastic Sulphur = Гарі 3 Р 


~ 5,+8 +5. 
E Venchi, XU Su 
Sy MESES (S) (Sj) 
evaporated (less Viscus) 
at low temp, 444-6" 
Solid residue, 


(В.Р) 
A Sulphur vapour. 
Pale yellow leaflets (Red) 
S4- molecules) 
4 ) Heated to 
500 ~700°at 


1 тт. press. 
Suddenly 


Chilled to-199° 
Crystals 


Slowly Warmed to~go* Purple dm 
Sa | 


г о тадпећ ој ду 
2 тојесије 
Fig. 17,7 
Plastic sulphur slowly reverts to the thombic 


(«) Variety or 
depending on the temperature at which it 


[ е monoclinic form 
Is kept, On being extracted with CS, à 
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freshly prepared plastic sulphur leaves an insoluble residue, which is probably 
amorphous and is known as the u-sulphur. On cooling the CS, extract to —80°C, 
rhombic sulphur crystallises out. When the filtrate from this operation is slowly 
evaporated at a low temperature, pale yellow leaflets of -sulphur (S7) crystallises 
out This is a Sy-molecular species. 

At its boiling point, sulphur forms a red vapour which turns yellow with the rise 
| in temperature. It is believed that the sulphur vapour is made up ofa varying 
proportion of Ss, $, and S,species, the proportion of the low molecular weight 
species increasing with the rise in temperature. If the vapour at 1100°C is suddenly 
chilled, a purple paramagnetic solid, with a formula of S;,is obtained. It is believed 
that it has a structure similar to that of O,. Most of the changes described above 
are represented schematically in Fig. 17:7 : 

Physical properties of sulphur (<-sulphur): It is a yellow solid, 
freely soluble in CS,, but sparingly soluble in alcohol and ether, and 
is insoluble in water. It is odourless and its vapour possesses 
germicidal and antifungal properties. 

Chemical properties of sulphur: The more important chemical 


properties of elemental sulphur are manifested in its reactions given 
S0; 


Metal sulphides 
¢.9.,2NatS =Na2S 


Borat in air 


Phosphorus 


CS; 


*,8s (7) 


above in а schematic manner. Réactions (2) and (5) occur when 
s and Cl,gas are bubbled through molten sulphur. 


hydrogen Ба 
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Reactions (6), (7) and (12) take place on heatin 
a high temperature. Reactions (8) and (9) 
sulphur with the concentrated acids, 
take place a little above the room te 


g the components to 
take place on heating 
and the reactions (10) and (11) 
mperature, 

Uses of sulphur : Sulphur is widely used in industry as well as 


in daily life. Its more important uses are : (I) asa germicide and 
fungicide for disinfection of houses, (2 


) in medicine and soaps for 
external application, (3) in dye industry, (4) for vulcanizing rubber, 
(5) for the industrial production of sulphur dioxide, sulphuric 
acid, carbon disulphide, gun powder, sa 


fety matches etc. 
Compounds of sulphur. 


Sulphides : These are binary compounds involving Sulphur and 
a metal Possessing rather complex structures, The Sulphides are 
i) direct combination of 


Sulphur with 
ures and (i) by the action of H,S on 
solutions of meta] compounds : 


heat 
Fe+S —  , peg p 


heat 
2Na+S —, Ма,5 ; 
in acidic 
HeCh+H,S —_- HgS | «оног; 
: solution black 
2BiCl,-3H,s = Веб, | нс 8 
brown 
in alkaline 
pus ZS) T-H$S0,. 
Solution 
The sulphides of Gr.TA and 
and are soluble in water, giving ions, 
very weak acid (and hence g»- isa Strong base), t 
(which may be considered as the salts of Weak acid 
strong bases, the hydroxides of Gr. t 
hydrolysed іп aqueous Solution, The Solutions Tea 
smell of H,S : : 
Na,S+2H,0 = 
Na,S = 2Na*+S*; 
(Naa (strong base) 


Zn$0,4-H,s 


2N20H.-H,s. 
SH = На og. 


т 
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The sulphides of the other metals possess considerable covalent 
character. Since sulphur is much less electronegative than oxygen, 
the M—S bond is much more covalent than the M—O bond. Also, 
the much larger volume of the S?- ion (compared to that of the 
O?- ion, both of which have the same charge) makes it much 
more polarizable than the O°- ion (see Fajan's rules, Vol. I, Ch. III, 
рр. 170-172). Thus, the M+? and M*? cations polarize the sulphide 
ion to a much greater extent and thereby induce more covalent 
character to the sulphides. 


Most of the sulphides, especially those possessing considerable 
ionic character, react with non-oxidising protonic acids like HC} 
and H,SO, to liberate H,S : 

Na,S--2HCl = HS f +2NaCl ; 

FeS+H,SO, = H,S + + FeSO,. 
Some sulphides do not react with the above acids, but dissolve 
in hot nitric acid; forming the metal nitrates, nitric oxide and 
sulphur: 3CuSJ4-8HNO;—3Cu(NO;);-2NO 4-38 | +4H,0. 
Some other sulphides (HgS, CoS, NiS) dissolve in hot concentrated 
НСІ in presence of potassium chlorate, or in aqua-regia, liberating 
sulphur : 

NiS+2HC!+[0]=NiCl.+S | +H,0. 

Arsenic, antimony and tin sulphides dissolve in yellow - 
ammonium sulphide, producing the corresponding thio-compounds, 
which indicates their acidic character : 

M,S,+-3(NH,).S-+ 28 ^ 2(NH,)sMSs. 
(M=As or Sb.) 


A few transition metals form sulphides with variable stoichiometry, 
e.g. FeS, FeS,, CoS, CoS, etc. Some of these metal-sulphides 
may be regarded as non-stoichiometric compounds, e.g. CrS. 


Hydride: Sulphur forms only one stable hydride, H,S, which is 
called, hydrogen sulphide or sulphuretted hydrogen. H,S can be 
conveniently generated by the action of dilute acids on metal sul- 
phides like FeS: FeS+H,SO,=H2S+FeSO,. A ready and steady 
supply of H,S can be arranged with a Kipp's apparatus, using the 
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above ingredients. H,S can also be generated in the laboratory by 
the action of water on thioacetamide, C;H;NS : 


CH,CSNH,+H,0 -> CH;CONH, 4 H;S. 


H.S can be purified by cooling the gas (obtained from the Kipp’s 


apparatus) in liquid air, when H,S gets solidified, leaving the chief 
impurity, hydrogen, in the gaseous state. 


This is now pumped out 
and the solid, on gradual warming, 


yields pure H,S. 
H,S isa colourless gas. with the smell of rotten eggs and is highly 
poisonous. It is slighty heavier than ai 


т. It is moderately soluble 
in water and the aqueous solution is acidic, 
HS burns in air or oxygen and the product is elemental 
Sulphur ‘or sulphur dioxide, de 


pending on whether the supply of air 
is limited or in excess respectively : 


2H,S+0, = 2S+2H,0 ; 
29,5+30, = 2SO,4+-2H,0. 
It is a fairly strong reducing agent and its reducing character is 
primarily due to the oxidation of Sè- ion into elemental sulphur. 
In acid solution, the E° of the couple, S+2H+42¢ = H,S is4-0:14 
volts and hence, it can be oxidised by many oxidants. 
(i) It reduces ferric ir 


on into the ferrous State in acid solution : 
(E? of Fet3/Fet2 in 1(N)HCl= 0:70 У): 


2FeCl,+H,S—2FeC,4§ Y --2HCI, 

QFe? tse- _, 2Fe*?- S? | ) 

(ii) It reduces halogens to the corre 
H,S+X,=2HX4 у 

(S*+X.+2x- 4 с 4). 

(iii) It reduces acidified Potassium dich 

green chromic chromium (E° of Cr,02- 

K35Cr;O;4- 3H,SO,+- 3H,S= 

(Cr,07?- + 14H* +352- 


sponding halides : 
(Х=<ј, Br). 


Tomate (orange) to the 
[2Cr*3—1-36 у); 
Cr(SOQs-E38 | EK SO, 4 7н,0. 
>2Crt3 4. 35° { THO) 


to the manganous state ` (colourless) (E° 

solution=1.52 volts). 
2KMnO,+3H,SO,+5H,S=2Mn; 
(2Mn0,- --552- -16H*—2Mn*? 


8anate solution (pink) 
of MnO,-/Mn*? in acid 
BOE 55 | +K,S0,4.8H,0. 
TSS | 48H, 0). 


2 
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Hydrogen sulphide in aqueous solution : 
In aqueous solution, Н, is slightly dissociated as : HSS=H*-+ HS- 
and thus generates hydrogen ions and reacts acidic. The value of the: 


dissociation constant, x, =A is 9x 1075 at 25°C. The bisul- 


[H; 
phide ion, HS-, further dissociates as : HS-=H*+S*-, the dissocia- 
+ 2- 
tion constant, Ke being equal to 1.2х 10715 at 25°С, 


Thus, the overall dissociation constant of H,S is : 


K-K,x gH x ey 9x 10-8 х 1.2x 10-15, 
2" 
On kc ЕР] 1 ов 10-22 at 25°C. 
2: 


Several conclusions can be drawn from the above values and ex- 
pressions. *(i) From the values of K,, Ks and К, it is clear that H,S- 
isa very weak acid and the bisulphide ion isa still weaker acid. 
However, as it generates H* ions in solution, it can take part in 
reactions where H* ions are consumed. (ii) In an aqueous solu- 
tion of hydrogen sulphide Н+, HS- and S?- ions are in equilibrium 
with undissociated H,S and hence, it is also capable of taking part 
in chemical reaction, characteristic of both the sulphide ion (S?-) and 
ofthe bisulphide ion (HS-). The reaction, NaOH--H;S = NaHS4- 
H,O, illustrates (i), and the reactions, NaHS +-NaOH=Na,S+H,0 
and CdCl,-H,S— CdS--2HCI illustrate (ii). 

H,S is widely used as a precipitating reagent in qualitative 
inorganic analysis. (see vol. I. chapter V, p. 228). 

A few other unstable hydrides of sulphur are also known which 
are discussed under polysulphides. 


Polysulphides : Free sulphur dissolves in aqueous solutions of 
alkali metal sulphides or ammonium sulphide, forming yellow 
solutions containing polysulphides, ranging from disulphides (e.g. 
Ма,5,) to the pentasulphide (e.g. Na;S;), depending upon the amount 
of sulphur added. Yellow ammonium sulphide, used: in chemical 
analysis, is a mixture of ammonium polysulphides. As already 
pointed out, the S?- ion isastrong baseand the formation ofa 
polysulphide is the manifestation. of the strong Lewis base-character 
of the sulphide ion, in which the central S?- ion donates one, two, 
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three or four electron-pairs to the corresponding number of 
sulphur atoms : 


(S2 - ion) (Sion) 
.. Z .. on 327 
18: HR iS: VATES ET 
4.42 Ton esr SOT] RON: 
:5:| = 5 зе 5:45: = 1S<—S—s; 
EL £N ys ps 
WOO ЛЕ а а 8: :5: 
(52-1оп) * (SE- поп) 


On acidification, the polysulphides decompose to sulphide ions 
and elemental sulphur, which is slowly precipitated, 

When a polysulphide solütion is slowly added to a dilute acid, 
a yellow oily liquid is Obtained. This oily liquid, on careful 


fractional distillation, Yields fractions consistin 
£ of H,S,, НА, and 
H,S;. АП these hydrogen p : 252, H,S; an 


warming, decompose to H,S and fre 

Oxides of sulphur : Sulphur forms Several oxides, The following 
table contains the formulas, Dames, most important methods of 
preparation, state of aggregation and the present accepted structure 
of these oxides : 


€ sulphur, 


TABLE 17.5 
а EOS ie ЩЙ 
and Method(s) of preparation tate of 


name ' aggregation etc, Structure 


H lamp e c ERE 
5,0 It may be obtained | It is а colour] 
Sulphur | by the passage of silent | pas Reacts wins is à 
suboxide | electricdischargethrough | wat e т, forming 

or a mixture of SO, and HAS and HS0,. 
disulphur | sulphur at 150*—200*C. > E 
monoxide б | ; 


tructure of 5,0 
* represented as : 


Formula 
and 
name 
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State of 
aggregation etc. 
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: а 


Strueture 


"S0 
Sulphur 
monoxide 


It may be obtained 


| Ђу the thermal decom- 


position of thionyl chlo- 
ride at 900*C (or, of 
thionyl bromide at 
500°C), and cooling the 
product in liquid air. 


It is obtained as 
an orange-red de- 
posit. Reacts with 
KOH, yielding 
sulphide, sulphite, 
and dithionite. 


In the vapour State, it is 
probably dimeric. In 
the solid state, it is defi- 


nitely polymeric, possess- · 


ing the structure 


It is prepared by the 
action of sulphur powder 
and liquid SO; under 
anhydrous conditions. 


It is а greenish 
blue crystalline 
solid, stable below 
15"C. At room 
temp., it decom- 
poses to S, SO, 
and 50,. 


Its structure is пој 
known with certainty, 


SO, 
Sulphur 
dioxide 


(i) Commercially, it 
is prepared by burning 
sulphur or roasting sul- 
phide ores in air : 

S$+0,=SO,, 
2ZnS + 30,=2ZnO 
+2S0,+. 


(ii) By the reduction 
of HySO, with metals : 
Cu -2H;SO,— CuSO, 
+50, | +26,0. 


(iii) By decomposing 
Sulphites ог bisulphites 
with acids : 
NaHSO,+HCI=so, t 

+H,0+ NaCl. 


(v) It is also Prepared 
on a large scale by heat- 
ing a mixture of gypsum 
and ^ carbo; 
idet n above 

2CaSO,4-C—2Cao 
+250, +С0,. 


t is a colourless, 

pungent-smelling 
and X poisonous 
gas. Itis heavier 
than air and 
soluble in water, 
forming  sulphu- 
rous acid and 
hence, is the anhy- 
dride of sulphu- 
rous acid. 


It is considered as a 
resonance hybrid of the 


following two structures : 


5 / NOE LN ). 


Sulphur is in а sp*-state 
of hybridisation (with 
the O—S—O angle of 
about 120°), with the 
lone-pair occupying one 
sp*-hybrid orbital. 


Se ee Oe 
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Formula : 
Eu Method(s) of preparation PEE is Structure 
SO, (i) Commercially, it | At room temp., | It is considered as a 
Sulphur | is generated by the oxi- | SO, is a colour- | resonance hybrid of the 
trioxide | dation of sulphur di- | less liquid with an following three struc- 
oxide by oxygen, cata- | irritating smell. | tures : 
lysed by platinised as- | It exists in three 
bestos or vanadium | forms <, B and «. од 
pentoxide : It reacts vigo- 05 
Pt rously with water, || 
280, +0,==250,. forming HSO; | S. 
and hence, is the ИУ 
Ж anhydride of sul- :0: | :0: 
., Gi) In the laboratory, | phuric acid, 
it can be prepared Бу |“ ‘6: 
distilling сопс. #,50, Erde 
250, +Р,0,=50, 
"BPO. iof pe 
:0: 
5 
х 
= oe о: 
ha | == = .5 FUNCION dig 
50, It is obtained CUR 
Sulphur | passage of silent ME МАСНА eje Ms вицове is mo 
tetroxide ischarge throu, are ie ra Solid, melt- | known with certainty. 
mixture of SQ, d ie o an oily 
excess a and | liquid at 3°C, Tt 
liquid of oxygen аі | is a very ‘strong 
and at 05 temperature | oxidant ^ which 
9 mm. pressure. oxidises aniline to 
nitrobenzene, 
БЕ det 
= SS 
510; It is said to ie cat [I MERECE ELEC 
Sulphur | formed when SO, Б nd to be а | Not known, 
heptoxide | SO; is mixed with excess | Jine cuss Cystal- 


line Solid, melting 


Oxygen and subjected to above 0°C, which 


an electric discharge at 


low temperatures. d zn 
With water, 


Some important characteristics of a few 
oxides of sulphur. 


Sulphur dioxide (SO,): It can be easil 
pressure by cooling below — 10° (ice and 


individua] members of the 


Y liquefied at atmospheric 
Salt mixture). The liquid 
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freezes at — 72.7°С and boils at — 10°C, Liquid sulphur dioxide posses- 
Ses considerable polar ‘character (dielectric constant=13.8 and dipole 
moment=1.61D), undergoing auto-ionization as 2S0,=SO*?+-SO,2-, 
It is a good solvent for non-metals like sulphur, phosphorus, iodine 
etc. Sulphites, soluble in liq. SO,, behave as bases in liquid SO, 
and the thionyl compounds act as acids. Several types of reactions 
like acid-base reactions, complex formation, precipitation etc. 
take place in liquid SO,. 

On heating, SO, undergoes disproportionation to sulphur and 


sulphur trioxide : 
T 1200°C 
, 380,. — 280,4-S. 
Sulphur dioxide can act (in presence of water) both as reducing and 
oxidising agents, as is evident from the E* values ofthe following 
couples: SO;?---4H* 4-2e = H,SO;4-H,O ; E*— 4-020 v. 
3 H,SO,+4H++4e = 5+3Н,0 ; E'— 4-045 v. 

It is quite clear from the value of the E° of the first couple that, 
SO, is capable of reducing chemical systems having E? values higher 
than --0:20 volts and hence, its reducing character is more important. 
However, it can also act as oxidising agent towards several chemical 
systems having stronger reducing character, such as iodide, 
metallic zinc, hydrogen sulphide etc. 

_ The presence of both reducing and oxidising properties in SO) 
can also be ascribed to the oxidation state of sulphur in SO, and 
also on its electronic configuration. The oxidation state of sulphur 
in SO, is + while the highest oxidation state attainable by sulphur 
is +6, which SO, can do by losing two electrons, and in the process 
сап act as a reducing agent. In the reverse manner, conversion of 
sulphur in +4 state to the elemental sulphur (S^) can be achieved 
by the gain of four electrons, in which case SO, will act as an 
oxidising agent. 

Sulphur dioxide combines directly with halogens (in presence of 
camphor catalyst) to form sulphury| halides: SO,-+X)—SO,X, 
(X—F, Cland Br). This may be viewed as oxidation of sulphur 
from +4 to +6 oxidation state. 

It reacts with H,Sin the gaseous state, producing elementai 
sulphur : 2H,S-4- $0,—3S--2H,0: 

[25 SO,--4H* —3S?--2H,0] 


м 


Li 
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Structure of sulphur dioxide, SO; : The hybridisation scheme T 
the formation and structure of the SO, molecule is represen 
below : 


Зру 3 Ар 
e] p] О CET ET е 


Energy 
[1] oe |] Excited state 
Sp? -hybridisation 


2s гр, 2ру 2р, 


| LT TT] Oxygen ајот 


(5р2 p)o- bond. 


PX-px bond 


P9. [RTT] ПАН 


3sp*-hybrid 


(en? oinak p%-di bond 
SPP) © bon 


Oxygen alom 


2s гр, гру гр; 

The O—S—o angle is somew: 

of 120* predicted by the s 
pair repulsion. 


hat larger (~128° 


) than the value 
p*-hybridisation due to 


lone-pair— bond- 
Sulphur trioxide, SO, : All the three 
almost identical. As already stated 
and reacts vigorously with water ani 
heat and forming Н,50, and Sulphates respectively : 
S0,--H,0—H,80, > AH=21,3 Keals, 
Mg0-+SO;=Mgso,. 
It decomposes into sulphur dioxide and 6 i 
1000°C : 280,=280,+0,. E је 
It dissolves in concentrated H:S0,(~98%), forming fuming 
sulphuric acid which is technically known as oleum. It forms 
various hydrates in the 0—94% concentration Tange in various 
temperature ranges. 


forms of SO, are chemically 
„Ива Strongly acidic oxide 
d basic Oxides, liberating much 
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It is an oxidising agent which displaces and liberates chlorine, 
bromine and iodine from their hydracids, and from halides of metals 
and non-metals. 

Structure of SO;: The structure of SO; can be easily visualised 
from that of SO, involving sp?-hybridisation. In SO,, the lone- 
pair of electrons, residing in one of the planar sp?-hybrid orbitals 
of the sulphur atom in 50,, is donated to an empty 2p-orbital 
(say 2p,) of the third oxygen atom in a somewhat excited state, in 
which all the four 2p-electrons are paired up in the two 2p-orbitals 
(say, 2р, and 2p,) making the third 2p-ofbital (2p, say) empty and 
ready for accommodating the lone-pair from the sp?-hybridised 
sulphur atom in SO, The O—S—O angles in this case will be 
almost 120* due to the absence of lone-pair-bond-pair repulsion 
present in SO,. 

Oxyacids of sulphur : Sulphur forms quite a number of oxyacids. 
Table 17.4 contains the names, formulae, most important methods of 
preparation, state of aggregation etc. and the present accepted 
structure of these acids. These acids may be divided into four 
classes: (A) thesulphurous acid group, (B) the sulphuric acid 
group, (C) the thionic acid group and (D) the peroxysulphuric 
acid group. : 


TABLE 17.6 
Formula к State of 
and Method of preparation aggregation etc. Structure 
name 
(A) The Suiphurous acid group. | 
H.SO, As the cobalt (ID. salt, | The free acid is | Its structure is not 
Sulpho- CoSO;, it is prepared by the | not known. Itis| known with any 


Xylicacid. | reaction between sodium | known as its salts. | certainty. The pro- 
hydrosulphite (Na,S;0,) | An aqueous solu- | bable structure may 
and cobalt (П) acetate, | tion of the sodi- | be represented as : 
followed by the addition of | um salt isstrongly 
ammonia : reducing. - It is a 
Na;S40, + Co(CH;COO), ~» | dibasic acid. 

CoS,0,--2CH,COONa ; 
CoS,0, -2NH, +Н,О > 
Сово, +(МН,).50,. 
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—————À 
ormula : ; State of 
x and Method of preparation aggregation etc, | грона 
паше eS 
m 
a i f 
i t is prepared |The pure acid has The structure o 
sult a ee ae Not been isolated. | H.SO, is deduced 
р us in cold water : d It behaves as a | from those of HSO 3 
EP SOMTRO-H;SO. | fairly strong di- | and SO," ond say 
asic Е сі S be represented as т 
yielding: ot 
acid and 
neutral salts—the H—9 
bisulphites and the N S о 
Sulphites, The H— 9^7 
free acid and both 
Of its salts are 
fairly strong redu- 
cing agents, 
——— mr epo dec um JI ERI 
45,0, | Reaction of а sulphurous | The free acid is The most probable 
Hyposul- | acid solution with zinc known only in Structure, based on 
phurous | amalgam produces hypo- | solution; also that of its sodium 
acid or sulphurous acid : ў Own as Na-salt. | salt, is : 
Sithionous | 2H,SO,4Zn/Hg ~ ltisastrongredu.| —' 
acid, AyS,0.+-2n0+H,0, сіпр agent and is Ne 
The sodium salt is prepared | itself easily oxidis- 10:0: 
by reducing NaHSO, by | ed into sulphate. So Sao Me 
Zinc dust : H:0:8:8:0:H 
2NaHSO,+Zn=Na,S,0, "SUA e 
-FZnO--H40. 
or 
о 
if 
H-0-$-$—0—H 
H3810; As an alkali metal salt, it | Jẹ; 
Pyrosul- can be prepared by Teacting а an 5 А Тће structure of 
Phurous вака enm so rhite or | dibasic acid, but | PYrosulphurous acid 


Каг50,+50,—Ма,5,0,, 
It can also be obtained by 
heating bisulphite : 


eat 
2NaHSO;——-+Na,S,0, 
+H,0, 


Its acid salt is not 
known, 


ney be represented 
5: 


a 


H—0—$—s—0—H 


ө 
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Formula 
and 
name 


Method of preparation 


State of 
aggregation etc. 


Structure 


HSO. 
Sulphuric 
acid. 


Sulphuric acid is best obtain- 
ed by (i) catalytic oxidation 
of SO, to SO, by oxygen of 
air, in presence of (a) plati- 
num, (b) УО, (in the 
contact process) or nitric 
oxide (chamber process) : 


450°C 
250, + O, —-——> 280s. 
catalyst 


(ii) This is then reacted with 
water present in 98% 
HSO; to produce sulphuric 
acid : 

SO,+H,O=H:SO, 


Pure H;SO, is a 
colourless, oily 
liquid of high 
density (1.84). It 
is a very strong 
dibasic acid and 
exhibits dehydra- 
ting and oxidising 
characteristics — 


along with acidic- 


properties. 


H,S,0, 
Thiosulphu- 
Tic acid. 


The free acid is extremely 
unstable, even in solution. 
It is best known as its sodi- 
um salt, which is obtained 
by. reacting sodium bisul- 
phide (NaHS) with sodium 


sulphite in aqueous 
solution : 
2NaHS +4NaHSO; = 


. 3Na,S,0,+3H,0. 
The resultant solution, on 
concentration, yields large 
colourless crystals of 
Na;$;0,.5H;0. 
Thefree acid can be tran- 
siently generated from this 
Na-salt by the addition of 
a weak acid like acetic acid. 


The free acid 
undergoes rapid, 
spontaneous de- 
composition even 
in dilute aqueous 
solution in cold. 
Sodium  thiosul- 
phate is a white 
crystalline solid, 
highly soluble in 
water. It is a 
fairly strong re- 
ducing agent. 


The structure of 
H.SO, may be re- 
presented as : 


NE 
БЕ 


о: 


The structure of 
thiosulphuric acid, 
obtained Бу. extra- 
polation from the 
structure ofthe thio- 
sulphate ion, may 
be written as : 


It is clear from the 
above structure that 
the two sulphur 


atoms are not equi- 
valent. 
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Structure 


H;S,0, 
Pyrosulphu- 
tic avid. 


(C) The Thionic acid group (generat formula : 


It is obtained by dissolving 
50, in conc. Н,50, : 
H,SO,+SO, = H,S,0,. 

It is commercially known 
as oleum.  Pyrosulphate 
salts are obtained by con- 
trolled heating of a bisul- 
phate : 


heat 
2KHSO, = K,S,0,+H;0 


SE 
an Metdod of i 
hae Preparation 
SS АНЕ 
H,S,0, Though it appears to 
Dithionic st member of the еде 
acid. acid series, 


according t, 
general formula. Зое 
is quite ifferent fro; 
other members, as both ue 
sulphur „atoms are Present 
in an oxidation State of 6, 
As the free acid js not 
known, it. is Prepared as 
dithionate by Oxidising sul- 
phurous acid with MnO, : 
250,---Мп0,+4н+ 5. 
S:06*"+ Mn*#4.2H,0, 
An aqueous Solution of 
dithionic acid may ђе 
Obtained by oxidisin 
H,SO, by ferric nitrate or 
sulphate. 


Н.5.0,, it 


Itisa viscous, pale 
brown liquid and 

aves as a weak 
acid. It is con- 
verted into ordi- 
nary H,SO, on 
heating due to 
expulsion of SO. 


Н,5.0,) 


State of 
aggregation etc, 


Pure dithionic 


acid is not known, 


It i$ know in dil, 
aqueous solution 


and as salts like 
Ма;5,0,. It is a 
Strong dibasic 


acid, On heating, 
Е is hydrolysed 
SO," « and 


H;S,0, THO 
1S0, + Н,80, 


The accepted struc- | 
ture of pyrosulphu- 


ric acid is given 
below : 
о (0) 
t n 
mie yp 0 5-0-H | 
(6) Ó | 


or 


Structure 


DTI 


The Present accept- 
€d structure of thc 
dithionate ion is : 


а 
0—8—85—0 


o о 


In this, two SO; 


tetrahedra are linked 
together by ап 
=S linkage. 


NUNC eo gr ИИВ 


Formula 
and 


name 
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Continued 


Method of preparation 


State of 
aggregation etc. 


Structure 


HySn0. 
n=3, 4,5 
and 6, 
Polythionic 
acids, 


н;5,0, 
Tetrathionic 
acid. 


Four polythionic acids are 
well known. These are tri, 
tetra, penta and hexa thio- 


nic acids, All these are 
obtained as a mixture. 
(1) “By  bubbliig HS 


through a solution of SO; in 
cold water, when a milky 
and very complex solution 
is obtained. This is known 
as Wackenroder solution, 
and it contains all the poly- 
thionic acids. (2) Such a 
mixture may also be obtain- 
ed by reducing an aqueous 
solution of  thiosulphate 
with SO, in presence of 
As (III). 


It may be obtained by the 

action of NaHSO, and SO; 

оп an aqueous solution of 

sodium thiosulphate : 

Na;8;0;--2NaHSO;4 501 
= 2Na,S,0,+H,0. 


As sodium salt, it is con- 
veniently obtained by, 
(i oxidation of thiosul- 
phate by Cut? ions : 
3Na,8:0,--2CuSO,— 
Сш.5,0,+ 23,50, 
+№а,5,0,. 


(i) Ву the familiar method 
of reacting thiosulphate 
with iodine : 


2Na;S:0;4-I5 — №а,5,0, 
+2Nal. 
The free acid can be prepa- 
red in aqueous soln. by 
reacting barium ‘tetrathio- 
nate with cold dil. H;SO,. 


The free acids are 
rather unstable 
and decompose 
spontaneously into 
sulphur, SO, and 
some sulphate. 
All of them are 
known as their 
alkali metal salts, 
but no acid-salts 
are known. 


The sodium salt, 
М№а,5;0,, is a crys- 
talline white solid, 
soluble in water. 
It has mild oxi- 
dising properties. 


All the polythionic 
acids are characte- 
rised by thepresence 
ofoneor more sul- 
phur atoms, linked 
only to other sul- 
phur atoms, and not 
to any oxygen. Each 
of the terminal 
sulphur atoms, how- 
ever, are connected 
to three oxygen 
atoms and are ina 
sp?-state of hybridi- 
sation. 


The free acid is 
fairly stable in dil. 
aqueous soln, The 
sodium salts are 
quite stable and 
are soluble in 
water. 


2-7 
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Continued 


Method of preparation 


аа 


5,0, It is best obtained by the 
pentatonic decomposition of thiosul- 
acid, 


phuric acid im Strongly acid 
(НСІ) solution, below 0°C, 
in presence of a little arse- 


neous acid : 
H,S,0;+H,0 = 26,50, ; 
"en sulphoxylic 
acid 
2Hi$.0,--H,S0,—H,8,0, 
*2Hj0. 
pu M 


It is always Produced in the 
above method of Obtaining 
Н,5,0,, and May be obtain- 


ed as the major product by 
increasing the amount of 
HCl. It can also be obtain- 
ed as the Potassium salt by 
Eu im Д KNO, оп 
1510, іп НСІ solu- 
tion below ise, 
I пне се сени ВР 
he | It is best obtained by the 
Pee: anodic oxidation of 50% 
Phuric acid | sulphuric acid (or bisul- 
тоир. phate) in cold, using a plati- 
£ num anode and high current 
Н,5,0, density : 
Peroxy | Н,50, = Ht+HSoz 
disulphuric | At anode.: 2HSO,— 
acid. : H:S:0, 42e, 
(Marshall'S | At cathode . Ht+e>H ; 
acid) 2H>H, t. 
It can also be Prepared by 
reacting H:O, with chloro. 
sulphonic acid : 
2HSO,CI - H,O, = Н,5,0, 
+2НСІ, 
—— 


State of 


> Structure 
aggregation etc. 


————— eet 


= 


The free acid is 
fairly stable in dil, 
aqueous solution, 
but decomposes 
on concentration: 
H:S;0, > H,SO, 
+250,+25. 
Тће reducing pro- 
Perty of this acid 
is due to the sul- 
Phoxylic a c i d 
generated. 


S о 
way, S7 
3 N 

o 25 of o 


27 


The free acid is 
unstable even in 
aqueous solution 
and decomposes 
readily when the 
acidity of the 
Solution is low. 


Eoo UN NENNEN 


Yt is a fair] 


ine! Sable | The accepted struc- 
Crystalline Solid, | ture of Н,5,0, may 
melting at 68°C, represented as : 
П aqueous oln., В 

it slowly hydro- 

yses {о 


monosulphuric ^- :0: 
acid, 


It is a strong 


07 


:0:5:0:0:5:0: 


ising agent, 9X 10; :0: 
H H 
or 
0, o 0 
Dd Nae 
fs 
QN о 9 
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Continued 


Formula 
5 State of 
pad 4 Method of preparation aggregation etc. Structure 
HSO; As mentioned above, it may | Itis a white crys- | The structure ` of 
Peroxy be obtained by the slow-.| talline solid, feirly | H,SO is represented 
monosul- | hydrolysis of Н:5,0, : stable and melting | as : 
phuric acid. | Н,5,0, + H;O = Н,50, + | at 45°С.. It is 
(Caro's acid) Н,50,. | a strong oxidising 
| agent, stronger 
than H,S,O,. It 
liberates iodine 
readily from KI: 


i H,SO,+2KI=Is 
| +K,SO,+H:0. 


Some more important aspects of the individual oxyacids of sulphur. 


Sulphurous acid, H,SO,: The strongly reducing action of H;SO; 
is due to the ease of its oxidation to H,SO,, which is evident from 
the redox potential of the couple SO,?--+H,O=SO,* +2H*+2e, 
Е°= —0. 20v. It reduces Cl,, Вг, and iodine to their hydracids : 

H,SO,+X,.+H,O=H,SO,+2HX (X=Cl, Br, 1). This reaction is 
quantitative with iodine and is used for the estimation of sulphurous 
acid, sulphites and sulphur dioxide. 

It also reduces acidified iodate solution to iodine: 2KIOs-- 
5H,SO, = 2KHSO,+3H,SO,+1,-+H,0. 

With stronger reducing agents, sulphurous acid behaves as an 
oxidising agent. This is possible because, in H,SO;, sulphur is present 
in an intermediate state of oxidation of +4. This +4 state can go 
up to the +6 state by the loss of two electrons, under the influence 
of stronger electron-acceptors or oxidising agents. Again, this +4 
state can also come down to the zero oxidation state. (in the form 
of elemental sulphur) by accepting four electrons from stronger 
electron-donors or reducing agents. This is also evident from the’ 
red-ox potential of the couple, SO,?-+6H*t+4e > S+3H,O 
(B°=0.45y). 
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Thus, H,S reduces sulphurous acid into elemental sulphur ; 
H.SO,+2H,S=38 | +3H,0. ї 
The structure of the free acid is not known with ardently. 
X-ray analysis of alkali metal sulphites indicates that, the 50: ms 
exists in a pyramidal Structure, with the sulphur atom in sp"- 
hybridised state. But, the S—O bond-lengths indicate considerable 


double bond character, which can be explained by the involvement 
of resonance of the following types : 


0: 
LL :0=— ce 


No 


Sulphuric acid, H,S0,: Sulphuric acid finds innumerable uses 
in industry and is one of the most important bulk chemicals in use 
nowadays, It is Manufactured by (i) the lead chamber process 

» Of which, the Contact process is 


When sulphuric acid of 
average purity is required, 
However, if 100% H,SO, 
process must be used. We 
principles involved in the 
chemical principles of the c 


about 98% (or less) Strength and of 
the chamber Process can be applied. 
4 of high purity is Wanted, the contact 
Shall now briefly Outline the chemical 
Chamber Process and then discuss the 
ontact Process in more details, 

Sulphur dioxide, obtained by burning 
Proper Purification, jg allowed to react 
© (obtained by heating 
m air) inside chambers 
nce the name, the chamber process) 
ture of Teactions taking 


The chamber process ; 
- sulphur or iron pyrites, after 


catalytically with a mixture of nitric oxid 
NaNO, with conc. #,50,) and 


when SO, is oxidised'to SO. 
place inside the chambers jg not known i 


N ў · Certainty. The 
following reactions represent a Plausible Pathway . x à 
210+0,; ~ 2NO, ; 


SO,--H;O > H,80, 3 
#,50;--М0; > H,SO,N. 
Sulphonitron: acid, 
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This H,SO;N species can react in two different ways : 
@ 2H,SO4N--NO,—2NOHSO;-NO--H,O ; (nitrosyl .bi- 
sulphate ) ; 
(ii) H,SO;N = H,SO,4- NO. 
Again, nitrosyl bisulphate can react in two ways : 
(a) 2NOHSO,+SO,-+2H,O=2H,SO;N+H,SO, 
and (b) 4NOHSO,4-2H,0 —4H,S0,-4-4NO--O;. Nitric oxide 
and oxygen, produced in the last reaction forms NO, again and the 
cycle goes on. [This mechanism accounts for the formation of 
nitrosyl bisulphate as an intermediate product, and also the 
production of nitric oxide and oxygen in the final stage. This nitric 
oxide and oxygen again form NO,, which effects ` oxidation of SO, 
to SO, and the cycle goes ол:] 
Sulphuric acid obtained by the chamber process is generally of 
a concentration of. ~ 80% and is not very pure. The acid is further 
purified and then concentrated by the Cascade process ог Gillard 
process. А purified chamber-acid of ~ 98% strength is used in 
the contact process for absorption of SO;. 
The contact process: Most of the production of sulphuric acid 
is done by this process, which is based on thé catalytic oxidation of 


‘very pure SO, to SO; by the oxygen of air. The reaction involved is : 


2SO,+ Oz Em 280,; АН= – 45.2 Kcals. 

2 vols. ! vol. 2 vols. 
Like the reaction involved in the synthesis of ammonia in the: Haber 
process, this reaction also is a reversible and exothermic reaction, 
in which contraction in volume takes place due to the forward 
reaction. 

Physico-chemical principles are similar to those involved in the 
ammonia synthesis from hydrogen and nitrogen (see Vol. П, 
p. 115-117 ) and the following comments can be made : 

Effect of temperature: As the reaction is exothermic, better 
yield is obtained at lower temperatures. However, to Strike a 
balance between the loss in yield due to the raising of the reaction 
temperature; and the economic, gain due to the reduction of the 
time of manufacture for the same reason, an optimum temperature 
of 400° —450"С 18 used, when either platinised asbestos or vanadium 
pentoxide is used as a catalyst. 
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Inflaence of catalyst: Just as in the case of ammonia ma 
ture, the rate of cenversion of SO, to SO, (at the VEA аре 
ture range) is tremendously influenced by suitable cata аи 
two catalysts generally used are : (i) platinised asbestos or, (ii eid 
‘dium pentoxide. The platinum catalyst is expensive, but is 4 
efficient and effect almost 100% conversion of SO, to SO, How 
ever, in this case, the SO, must be very pure, as the 


poisoned by the Presence of even trace amounts 
other impurities, 


catalyst is easily 
of arsenic and 


From Stoichiometry of the reaction 
2S0,+0, = 280,, 


ill lead to better yield, as the 


However, due 
alysts used, the use of higher 
5 superfluous, Also, application of higher pressure 
5 technical difficult; and enhances the production 


ies 

cost. Thus, in actual practice, the Teaction is performed under 
ordinary Pressure, \ 
Oncentration : It is 


The effect of с 
the forward Ieaction will increase 
In Practice, 


quite Obvious that the rate of 
of the Teactants, 
teasing the о, : 


with the increase in concentration 


the Concentration of oxygen 


is increased by ing SO, ratio by admitting more 


air. 

Raw materials ; 
‘sulphur or iron pyr 
source of oxygen ; 
(iv) the catalyst. 


The mater 
ites as th 
(iii) 98% H,SO, to absorb the 


ials required аге : (i) elemental 
© Source of sulphur 5 (ii) air, as the 
Pure SO, and 


h Dtain the desired О, : SO; 
ugh a Purifying system consisting of: 
а i 

(0 dusting (chambers where’ thg Ваз із freed from du 
(ii) cooling coils to remoye co 


St particles ; 

ndensable impurities ; (iii) scrubbing 

tower (to remove Washable ™Purities ; (iv) drying tower (to dry 
the wet gases from scrubbin 


E tower; (y) arseni i 
Sher: 3: Senic purifier (to 
remove arsenical impurities completely and А 


(V) finally, the gas is 
passed through a glass ae Where паа! effect is utilised to check 
the presence of suspended impurity, је any, 
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The pure synthesis gas, containing SO, and Оз, is then passed 
through a pre-heater maintained around 450°C and then led into 
the contact chamber, consisting of a series of iron tubes packed with 
the catalyst, which is either platinised asbestos or vanadium pen- 
toxide (sodium vanadate is also used by some manufacturers). The 
temperature of the catalyst chamber is maintained at about 450°C 
by regulating the flow: of the (SO,+ Oy) gas mixture through it. As 
the reaction is exothermic no external heating -is required after the 
reaction is started. 

The gases leaving the contact chamber, consisting of SO, and O;, 
are then sent up in the absorption tower, where a descending stream 
of 98% acid (usually obtained by the purification and concentration 
of chamber acid) meets the sulphur trioxide gas going up and 
absorbs it yielding pyrosulphuric acid ; H;S044- SO — H:8,0;. 
This is commercially known as oleum. Sulphuric’ acid of any 
desired strength can be obtained by proper dilution of this oleum : 

H,S,0,+H,O=2H,S0,. 

The efficiency of the platinum catalyst is no doubt greater than that of the Y,0, 
catalyst, but it is very expensive and is easily poisoned. The УО, catalyst, on the 
other hand, is much cheaper and is not poisoned easily. Hence, У,О; is now being 
used on a much wider scale. : 

Instead of water, 98% H,SO, is used forthe absorption of SO;, because it 
produces a dense white fog with water which is very difficult to remove. 

Apart from the few characteristic properties of sulphuric acid men- 
tioned in Table 17.4, the following are of considerable importance : 
Being a strong dibasic acid, it forms botli the acid salts or bisulphates 
(i.e., MHSO,, where M=Na, К etc.) and the normal salts or sulphates: 

In aqueous solution, sulphuric acid is the second strongest acid ; 
HCIO, isslightly stronger than H,SO, Even nitric acid behaves 
as a base in pure sulphuric acid. The sulphate ion SO; is 
tetrahedral with the sulphur in a sp?-hybridised state.. The S—O 
bond-lengths exhibit considerable shortening from the calculated 
S—O single-bond distance, which is explained by the resonance 
between single and double bonds : 


E о = o 2- p 2- 2- Ss 
pos DET See E Eee — um 
o ah Моа 
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Thiosulphuric acid and thiosulphates: As its sodium salt 
Ма, 5,04. SHO (commercially known as hypo), thiosulphuric acid 
finds wide use in photography (as a fixer) due to its capacity of 


forming soluble silver complexes, whereby it dissolves out unreacted , 


silver halides from ordinary and Х- 


tay photographic plates.: 
2AgX+4Na,S,0,=2Na, 


[Ag(S,O3);] -2NaX. 

soluble 

It is also used in volumetric analysis involving iodine (iodimetry 

.and iodometry) : б : 
2Na,8,0,-- T, =Na,S,0,+2Nal. 


It also finds Some uses as a mild reducing agent. Structurally, the 
thiosulphate and the sulphate i 


ons are similar to each other. The 
5,0“ ion may be considered 


to be derived from the S0- ion Бу 
the replacement of one oxygen atom by a Sulphur atom : 
о 


om 


O- 
(a) 

The 50,- 

{tis also clear from the 
two sulphur atoms are n 


-ion 


(5) 
The $:0,!--ion 
f the S8,0,2- 
1n the reactio 


above Structure o 
ot equivalent, 
„Ом“ HY н5о s 
the terminal sulphur atom (o 
in fig. b) is cleaved off, | 
ion. Thus, in the $,04- į the сега gut 
hybridised state. Мір 
Peroxydisulphuric acid, Н,5,0, : This ; 
derivative of hydrogen Peroxide ; 5 


best Considered a 
: n whi isidered as 
of H,O, are replaced by the sulphoni Ich both the hydrogen atoms 


E 1С асі à 
the peroxo moiety (—O— 0—) intact, cid Broup (SO.H), keeping 


ion that, the 
n 
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Method of preparation : Peroxydisulphuric acid is best obtained 
by the electrolysis of a concentrated solution of H,SO, at or below 
0°C. The anodes are of thin strips of platinum, and a high currert 


, density is essential. Under these conditions, sulphuric acid largely 


remains as bisulphate ion, HSO,-, which migrates to the anode 
compartment of the electrolytic cell, kept immersed in a freezing 
mixture. The electrochemical reaction involved is anodic oxidation 
and may be represented as follows : 

H,SO, = Ere 


to to anode 
cathode 


2HSO,- — НбО Је. 
The free acid is not, stable and undergoes hydrolysis to the 
peroxymonosulphuric acid. Hence, the ammonium salt, (INH4S;Os, 
which is stable, is commercially obtained by the electrolysis of 
20—30% ammonium sulphate or bisulphate under conditions 
similar to those used in the preparation of the acid. 

Permonosulphuric acid, H;SO; : This may be considered as the 
derivative of H,O, in which only one hydrogen atom is replaced 
by one sulphonic acid (SO;H) group. 

Method of preparation: Itis obtained by the hydrolysis of the 
peroxydisulphuric acid and hence, the same method is applied for 
its preparation. The H;S,Og is then allowed to stand, when it 
hydrolyses to the peroxymonosulphuric acid as: 

H,S,0,+H,O =H,SO;+H,SO4. 
If the temperature of the solution is raised, or more time is allowed 
to elapse, the permonoacid further hydrolyses to hydrogen peroxide : 
H;SO,+H,O=H,SO,+H,03. 
This forms the basis of the technical method of manufacturing 
hydrogen peroxide. 

Peroxysulphuric acids and peroxysulphates are some of the 

strongest oxidising agents, as is evident from the following E° value : 
/ $,0,?" +2e-+2S0,2-, E°=2.01 v. - 
The S,O4 ion liberates iodine from iodides in aqueous solution : 
$,0,2-+21- J-2H* —2HSO, +. 
Ferrous salts are oxidised by S,O,- to the ferric state and 


224 CHEMISTRY 


manganous salts to MnO, in aqueous solution.: But, in presence 
of silver ions, Mn*? is oxidised to permanganate : 


Agt 
Mn*?+$,0,2> —, Mn0,-. 
This catalytic activity of Ag* is due to the generation of Ag*? by 
5,0%", which then oxidises Mn+? to MnO,- and itself is again 
reduced to Ар“. 


Halogen derivatives of oxides and oxyacids of sulphur, 


1. Ми oxyhalides : The more important oxyhalides of sulphur 
may be grouped under two headings : (a) Thio inyl- 
halides, SOX, (where X=F, Cl and Br). ( Rene ition: 
halides, SO,X; (where Х=Е Cl) Another t i 

» Cl). e 
Pyrosulphuryl halide, is also known, but i кек 

Thionyl Chloride, SOCI,: This can 
dry SO, over РОЈ. S.+PCl,=SOCh+POCI,, 

(Ш) By heating sodium Sulphite with Ip 

Cl; at ~159° 
NaSO,+2PCI, = SOCI wae 
SOBr, can be Prepared by th 


· transition metal halides fro 


It reacts vigorously with different types of OF 


compounds, replacing it With a chlorine • 8toups of organic 
Ro OH ОС = C4 s 
T <-CI+§ : 
R-COOH+soc, — сано 


atom in the sp*-state of hybridisati 


corners, while the lone-pair on sul 
The tetrahedron is distorted to the 
pair— bond-pair repulsion. 
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Sulphuryl chloride, SO;Cl; : This can be prepared by the direct 
combination of SO, with chlorine in presence of a catalyst like 
charcoal or camphor: SO,+Cl, = SO,Cl,. 

It is a colourless fuming liquid with a pungent smell. It forms 
a colourless crystalline pentahydrate with ice-cold water. 

It is used as a chlorinating agent in orgainc industries such as, 
dye-stuffs, cellulose-based synthetic fibres, pharmaceuticals, and 
pesticides., E 

The halogenated oxyacids: The halosulphonic acids, HSO;X 
(X—F and CI) are the only members of real importance. 

Chlorosulphonic acid, HSO,Cl: It can be obtained by (i) the 
action of dry HCl on sulphur trioxide or fuming sulphuric acid : 
SO,+HCI=HSO,Cl. (ii) It can also be obtained by reacting РОС 
with strong Н,50, : 2H,SO;--POCI,—2HSO;CI--HPO;--HCl. The 
sulphuryl halides may be regarded as derivatives of H,SO,, in which 
one OH group is replaced by a halogen. It is a colourless fuming 
liquid and is used as a chlorinating agent in organic synthesis. 

Fluorosulphonic acid may be prepared by the action of conc. HF 

on dry SO; : SO,4-HF = HSO,F. Ў 

It is а colourless liquid and forms salt with alkali halides : 

HSO,F+NaCl=NaSO,F-+-HCl.. 


SELENIUM AND TELLURIUM 


Selenium and tellurium are the two heavier members of Gr.VIB, 
and according to the general trend within a particular sub-group, 
they exhibit close chemical similarity among themselves. Hence, the 


' chemistry of Se апа Te is best discussed together. Both of them 


occur together in sulphide ores, specially in copper pyrites. 
Extraction of Se and Te: The major commercial source of Se 
and Té is the anode slime of copper refining by the electrolytic 
method. The anode slime is slowly deposited in the canvas bags 
enclosing the impure copper anodes, and contain 1.5 to 9% Se, 
0.8 to 6% Te and the rest Cu, Ag, Au and some useless sludge. 
This anode slime is subjected to certain chemical treatments, as a 


15 
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result of which, selenium and tellurium are separated. The actual 
steps involved in the process are briefly outlined below : б 
Step I. Roasting: The anode slime is ced with conc. H, 7 
and some NaNO, and roasted in air at 400— 450°C. | All the coppe 
is converted into water-soluble CuSO,, while selenium (about 80% 
of total selenium-content) is oxidised to SeO,, Which; sublimes ont 
of the solid roasted mass at 315°C and is allowed to Pass into 
water, when selenious acid, H,SeO,, is formed. Some impure 
selenium is also precipitated and is filtered off. The filtrate is stored 
for the extraction of Se (Solution A), 
Step П. First alkali extraction : 
all the tellurium, ` the remaining seleni 
sulphate, is extracted with water to The 
residue is then vigorously agitated wi 
7-989; of tellurium and 
dissolves : 


The roasted slime, 


3Te--6NaOH—2N 
3Se+-6NaOH=2N: 

This is then filtered, 

is bubbled through th on, when tellurium is 
precipitated as Тео, (Residue A), while Selenium Temains in solution 
as Hs8eOs. It is filtered and the filtrate (Solution B) is kept for 
the recovery of Selenium. : 
Step ШІ. Alkali fusion : 
alkali extraction, still co 


led with H,SO,, and air 
€ boiling soluti 


The residue Obtained after the first 
ntains some Te and Se. Tt is mixed with 
silica and sodium carbonate and fused in a reverberatory furnace. 
To the molten mass, Some scrap iron is added, A Slag is formed 
which contains most of the remaining Se and Te, and it floats пр. 
Step IV. Second alkali extraction: The above slag is taken off, 
allowed to solidify and ext, ith the mother-liquor (of NaOH) 
; Se and Te Present in the slag. 
It is filtered and the residue js rejected, The filtrate is then treated 
with H,SO,, when TeO, is Precipitated (Residue B), leaving a little 
selenium in solution (Solution C). 
Na,TeO;--H:SO,—TeO, ма 


Recovery of selenium: (A), (B) and ( mixed together and 
boiled with potassium nitrate, when H,SeO 


a Bets oxidised to selenic 
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acid. H,SeO, : H,SeO,+[O]=H,SeO,. This “is precipitated on con- 
centration. It is filtered and then boiled with conc. HCl, when it 
is reduced to selenous acid again : 
H,SeO,-++2HCI=H,SeO;+H,0 + Сђ. 
SO, gas is then bubbled through the hot solution containing 
3,SeO,, when crude selenium is precipitated as a red powder : 
H,SeO3+2SO,+H,O=Se | +2H2SO,. 

Purification of Se : This crude, powdered selenium is mixed with 
the other portion of Se, obtained in the first step, and washed 
thoroughly with water and then dried. The dry crude is them 
distilled in retorts, made of iron, when selenium of 99:8% purity 
distills off. | 

Recovery of tellurium : ` The residues (A) and (B) are mixed 
together and reduced by heating with carbon : 

: 500° 
тео, +2C————Te+-2C0. 
heat 

Alternatively, the mixed residue of TeO, is dissolved in НСІ aad 
SO, is passed through the solution, when crude tellurium is 
precipitated as a dark grey powder : 

H,TeO,+2SO,+H,O=Te | +2H,SO,. 

Purification of tellarium: Crude tellurium (obtained as above) 
is washed thoroughly with water, dried, mixed with flour and 
distilled in graphite retorts when tellurium containing less than 
0.07% selenium is obtained. 


Allotropic modifications of Se and Te: Selenium occurs in three 
-different forms. Two different non-metallic modifications, both of 
which are red in colour and contain Se, rings analogous to the 5, 
rings (see p. 199). These forms are rather unstable and belong to 
the monoclinic system. The third variety is the metallic form, grey 
in colour, containing infinite spiral chains of Se-atoms, in which 
feeble metallic interaction exists between the adjacent chains. This 
is the stable variety of selenium and the crystals belong to the 
hexagonal system (See. vol II, Appendix). 

Tellurium is semi-metallic in nature and its stable form is 
crystalline and silvery white. Structurally, it is similar to grey 
selenium, but is much more metallic. 
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Properties of Selenium and tellurium. 


Selenium: The stable, grey selenium boils at 685°C and gives off 
red vapour. Most of its chemical properties are expressed in the 
schematic representation, ‘‘some. important reactions of selenium". 
Its electrical conductivity increases when it is exposed to radiation. 

Tellurium: Tellurium is silver-white, Its melting point is 
452°C and it boils at 1390°C. Though it has some metallic character, 
it is a bad conductor of electricity. Its structure is similar to that 


of selenium. The more important chemical Properties are included 
in the schematic representation, “some 


important reactions of 
tellurium." 


Selenium and tellurium are moderately reactive, Slightly less so 
than sulphur. Some of their more important reactions are Schemati- 
cally represented in page 229, 


Uses of selenium and tellurium, 


Selenium : (1) The largest à we 
industry for the m GE осв T oe glass 
Selenium along with 1% CdS and 1% As,O,. Q) nn y а: ding 2 
electrons and increase in conductivi f Se on irradi UMEN: 
its uses in the manufacture of “selenium cells" @) Son lead to 
vulcanization of rubber and (4) is employed vi t is used in the 
agent in organic chemistry, a dehydrogenating 

Tellurium : Very 
(1) Traces (0:05— 


alkaline range (рН~9—13), A : 
agents. У even in presence of 


Selenides and tellurides of Metals: As į di 
of reactions below, metal selenides and S а 
strongly heating an intimate Mixture of Tides are 


seleni obtained by 
a metal, say, sodium : 2Na-+Se=Na,Se а 9r tellurium and 
The noble metals do not form such selenide 2Na-+-Te=Na,Te. 


S and tellurides, 


in the scheme 
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NaOH — HCLHBrFe' 
Reduction 


H30 ^ H202 
5е02 саа 1280; Oxidation Pics 
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B Tellurides те0гНМОз 


(e.g.Na,Te) 
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Hydrides: The unpleasant smelling and volatile hydrides H,Se 
and H,Te can be obtained by heating Se or Te in hydrogen. But, 


just like HS, they are best obtained by the action of dilute acids 
on a metal selenide or telluride: 


Na,Se+2HCl = H,Se+2NaCl ; 
Na,Te+-2HCl = H,Te-+-2NaCl. 


As pointed out in the general discussion of the Gr.VIB elements, 
НаТе is more acidic and less stable than Н 


the bond angles are almost 90°, which indicates that the orbitals 
involved in bonding are pure p-orbitals instead of the sp?-hybrid 
orbitals involved in bonding in the cases of H,O and H,s. 


25е. In H,Se and H.Te, 


Halides. The monohalides : Selenium forms dimeric monohalides 
of the type Бег Хо (X=Cl and Br) by direct combination with calcu- 
lated quantities of the halogens. Their Structures are similar to that 
of S,CI,. 


they are similar to SC] 


ium. | Structurally, 
2 
The tetrahalides : Both selenium a i 
nd tel i 
of the type TeX, and SeX, (X—F, Cl a n form tetrahalides 


forms the tetraiodide, Tel. The tetr ^d Br) and only tellurium 


: afluorides are re the 
se or x BR Amount of fluorine, diluted with ae = on 
or te. But, even then, Some hexafluoride is formed gen, 
SeF, and TeF, are best obtained by the following RN - However, 

SeCl, H 4AgF 1018 ; 


SeF, + 4Agcy - 

as Тео, sis 2SeF, = тер, ue oer. 
ЅеЕ, is a liquid, but TeF, is a Solid, The fetrachloria 2 ; 
are prepared by direct Teactions with Chlorine M PART 
these are solids. Selenium t and bromine.’ АП 


Il 


TOmide і 

readily : 15 unstable ang hydrolyses 
SeBre+4H0O=H,8e0, O4 ань, 

TeCl, forms the complex, H,TeCl,, wh н 


When it į 
TeCl,+2HCI=H, Tec] 


S treated with нсі: 
TeCl, has a trigonal bipyramidal str 


ig. 


ucture (analogous to that of 
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SCl), involving sp*d-hybridisation, with one position occupied by 
a lone-pair. 

The other tetrahalides are thought to 
have similar structures. 

Hexahalides : Only fluorine brings out 
the maximum valence of these elements 
and forms SeF, and TeF, readily by direct 
combination with Se and Te. у 

Oxides. Dioxides: Тһе dioxides, а 
SeO, and TeO, are obtained by burning 
the elements in air. Both are solid at 
room temperature. SeO, is a colourless 
solid, structurally different from that of gaseous SOs. It is made up 
of infinite zig-zag chains of selenium and oxygen atoms which are 
not in the same plane, as is shown below : 


Née Mex P 
Sé TE sé ES Se N 
90 
о 


Cl 
Cl 


o! 
тесј 


| 


[0] 


"Тео, is a colourless solid which exists in two ionic forms. SeO, 
is a distinctly acidic oxide which dissolves in water to form selenious 
acid, H,SeO,, and reacts with alkalis to produce tellurites. TeO, is 
less acidic than SeO, and is rather amphoteric in character. It is 
insoluble in water, but reacts with alkalis, producing tellurites : 

TeO,+-2NaOH=Na,Te0,+H,0. 

It also dissolves in acids to form basic salts: TeO,+-HNOs= 
TeO,HNO;. These reactions indicate the increase in basic or 
metallic character of the elements on descending down a Periodic 
Group. 

Selenium dioxide is easily reduced to elemental selenium in 
strong НСІ solution, by reducing agents like SO,, H:S, HI, Sn?* 
etc. TeO, is reduced to elemental tellurium on heating with 
hydrogen or carbon. 

Trioxides : When a silent electric discharge is passed through a 
mixture of selenium and excess of oxygen, selenium trioxide(SeO,) 
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is said to be formed. Itisa Strongly acidic oxide and forms selenic 
acid, H,SeO,, on dissolution in Water: SeO,--H,0 —H,SeO,. 

It reacts directly with alkalis, forming selenates which are 
isomorphous with sulphates, 


ТеОз is obtained as an orange solid on heating telluric acid, 


heat 
HQTeO,: H,TeO, ———. TeO,+3H,0. 

Above 400°C, Тео, decomposes into TeO, 
Prolonged warming with water, it is slowly conver 
telluric acid, Н,ТеО,. When boiled with conce; 
is slowly reduced to Шеста TeO,--6HCI 

Oxyacids : Selenium fori 
and selenic acid, Н,5е0,, 
acids, 


and oxygen. On 
ted into the ortho- 


selenious acid, H,SeO;, 
Corresponding to Sulphurous and sulphuric 


elenious acid can be obtained in the 
free state as a crystalline solid, and is easily 


nd Na,SeO,, H,Se0, is a moderately 
it resembles H,S0,. 

by the oxidation 
of H,SeO, by H,O, (40%), or by the oxidation 
Ag,SeO,, by bromine, i 
H,8e0,--2AgBr, The filtrate. 

It is 

resembles H,SO, i ir 
of several hydrates like H, 


> HBr and Ferz ion. 
S94 and as said Previously, the 
ith the Corresponding Sulphates. 
acid has not been Properly 
ae alkalis to form tellurites 
S (like aHTeo, ), fro i 

d 3 ™ which TeO, 
Telluric acid, H,Te0,. is Quite different 
C acids, and May be Obtained from 


Tellurous acid: The free 
characterised. TiO, reacts with 
(like Na,TeO,) and acid tellurite 
is precipitated by the addition о 

Telluric acid, H,TeO, : 
from sulphuric and Seleni 
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elemental tellurium or Тео; by. the action of oxidising agents like 
KMnO, Се+*-іопѕ, chromic acid etc. It is best obtained by 
oxidising a suspension of Te in water with chlorine. After con- 
centration of this solution in vaccum, 
H,TeO, can be precipitated by the addi- 
tion of alcohol or acetone. Telluric acid 
exists as octahedral Te (OH), molecules, 
in which tellurium is present in the 
sp*d?-hybridised state. This may be 
represented as in the margin : 

It behaves as a weak dibasic acid, 
forming two series of salts like 
M?TeO(OH), and M?;TeO,(OH), : (where M?=Li, Na). It behaves 
as a fairly strong oxidising agent. 


CHAPTER XVIII 
ELEMENTS OF GROUP ҮП В: THE HALOGENS. - 
e ER EM D e 


The seventh group of the Periodic Table cont 
viz. manganese, technetium, rhenium, fluorine, 
iodine and astatine. Similar to the other pre 
group is also sub-divided into sub-group A a 
which the latter is the main Sub-group. Thes 
three transitional metals (Mn, Tc and Re 
consists of five halogens (meaning sea- viz. fluorine, 
chlorine, bromine, iodine and astatine. In this chapter, we shall 
confine our discussions on the elements of ihe В sub-group only, 

Fluorine, chlorine, bro Пе аге common elements 
and occur in the earth’s 
1073 %, 1.6x 1074 % and 3x 10-5 


ains- eight elements, 
chlorine, bromine, 
vious groups, this 
nd sub-group B, of 
ub-group A contains 
) while the sub-group В 
salt producer), 


mine and jodi 


t ThA and RaA, 
belonging to the naturally Occuring actini i i thorium series 
This is a radioactive 


У well-mar| 
from one member to another. 


fluorine and iodine, dis 
first member of the Broup, shows Temarkable dive 
other halogens, both in the 

and as such, it is often call 
especially the lighter memb 
to the tendency of their ato. 
most electronic shell and 
ions, and also to the comp 


"members, namely 
Fluorine, as the 


In the compounds, 
All these elements, 
This is attributed 
*t of their outer- 
Charged negative 


ll value of the energy of 
ms (Хә). 


miliar, 
ble in с 


"The first four halogens are quite fa; Nave OR TAE aet 
in the free state, but they are availa 


Onsiderable quantities 
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from concentrated sources in nature. The fifth one-(astatine), 
as already stated, occurs only in small quantities as short-lived 
radioactive isotopes. Some important properties of the halogens 
are tabulated in Table 18:1 below : 


TABLE 18:1 
e —————— 

Property .- Fluorine. | Chlorine Bromine odine 
Atomic number 9 17 35 53 
Atomic weight 19 35:457 70:916 126932 
Electronic configuration | | He | 2s2p*| | Ne | 35:32" | Ar | 45°4р3 [Kr 1 5s* 5р5 
State at 15*C Gas Gas Liquid Solid 
Colour gen denen Dark red (ink 1 
Density of solid, g/c.c. 13 19 i 34 4:93 
Atomic volume (c.c.) 14:62 18:66 23:51 25:74 
Covalent radius (Ay 072 0:994 1:142 334 
Melting point (°C) —223 —102 —73 114- 
Boiling point (°C) —187 —346 58:78 183 
Heat of dissociation of 311 567 452. 35:4 


molecules (Kcal/mole) 


Ionisation potential (ev) 1742 13:01 1184 1044 
Electron affinity (ev) 3:62 379 3:56 328 
Electronegativity 40 30 28 25 


The data summarised in Table 181. clearly illustrates the regular 
gradation in some of the important physical properties of the 
members of the halogen family with the increase of their atomic 
number or atomic weights, as envisaged in the Periodic law. 
Gradation in some properties is elaborated as follows : 

State of aggregation and colour : . All the halogens form diatomic 
molecules. Their physical state changes from the gaseous to the 
solid, via the liquid, with the increase in the atomic numbers (or 
atomic weights) of the elements from fluorine to iodine. Their 


236 CHEMISTRY 
colour also changes towards darker shades from pale greenish 
yellow to black, via deep red—in the above order. à 

Density, atomic volume and atomic radius: Paralleling increases 
inatomic number or atomic weight, increases in densities of the 
elements in the solid state, their atomic volumes and covalent radii 
are clearly exhibited. The melting points and the boiling points 
of these elements also gradually increase with the increase in their 
atomic numbers. 


Electronegativity : This Property of the members of the halogen 
family decreasés down the group with increase in atomic number. 
Fluorine is the most electronegative, Second to none among the 
elements. In fact, among the halogen oxides, while Cl, Br and I 
act as the positive component, fluorine b 
The electronegative character of the halogens decreases from 
fluorine downwards anditis so mu 


Ch weakened in iodine that the 
electropositive character 


makes its appearance, 
substantiated b 


Tee values of the 
iodine, the cationic 


In fact, all the 


» and 4-7 oxidation 
oxidati 
of two units among the 


due to the fact that, ou 


as state e, is 
t of the 7 valence- з сава 


Е 7 electrons in of 
halogen, 6 occur in pairs, he common oxidation oe 9; 
Gr. VII B elements аге shown in Table 18:2, States 


States arise by the use of d Orbit. 


The higher oxidation 
als and are fo 
halogen oxides and oxyacids, 


Und in inter-halogens, 
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TABLE 18:2 
“Element Oxidation states 
Fluorine =l 
Chlorine —1, +1, +3, +4, +5, +6, +7 
Bromine —1, +1, +3, +4, +5, +6 
Iodine —1, +1, +3; +5, 97 


Stability of the halogen molecules: The thermal stability of the 
diatomic halogen molecules diminishes gradually from fluorine to 
iodine. The R, molecule is very stable; Cl, molecule is only 
slightly dissociated above 1100°C ; Br, molecule is dissociated to the 
extent of about 6% and I, molecule to a large extent below 1000°С. 


Oxidising power and Electron affinity : As oxidation is a process 
in which the oxidising agent gains electrons, the value of electron 
affinity of an element is a positive index of its oxidising power. 
All the halogens have large electron affinity values and as such, they 
are good oxidising agents; but the oxidising power falls off with 
increasing atomic number. But, although chlorine has the highest 
electron affinity value, fluorine is the strongest oxidising agent 
among the halogens’. Thus, fluorine will replace Cl-, chlorine gas 
will replace Br- and bromine, in its turn, will replace I- from: 
solution. In other words, ahalogen of low atomic number will 
oxidise halide ions of higher atomic numbers. 


The reactions of the halogens with water also illustrate the 
decrease in their oxidising power with the increase in atomic number.. 
Thus, fluorine is such a strong oxidant that it oxidises water to’ 
oxygen (and ozonised oxygen): 2F,+2H,O=4HF+O,; 3F,+ 
3H,O—6HF--O;,. Chlorine and bromine, however, take part in 
such reactions very sluggishly due to the high activation energy 
required. Instead, they readily undergo hydrolysis, Cl,+-H,O= 


HCI+HOCI! ; Br,+H,O=HBr+-HOBr. Iodine is an even weaker 


1. The greater oxidising power of fluorine, as compared to that of chlorine, is 
due to the fact that the former has lower heat of dissociation and higher heat of 
hydration than the latter. 
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oxidising agent and requires the supply of much energy to oxidise 
water. In fact, under normal conditions, the reverse reaction 
takes place and oxygen oxidises iodide ions to iodine: 2I---2H*4- 
40,=1,+H,0. 

Reactivity of the halogens: All the halogens react with many 
metals and non-metals. Fluorine is the most reactive halogen’, 
and there is a gradual decrease in the reactivity on increasing the 
atomic number of the elements. Due to the high oxidising power 
of fluorine and chlorine, these two halogens often produce 
compounds of the other elements in their higher oxidation states, 
such as in PCl;, SbF,, SF, etc. 

(а) Combination with hydrogen: The. hydrohalic acids: The 
affinity of halogens with hydrogen diminishes fr 
iodine, This is also evident from the heats of 
respective hydracids as given in the table below. Е] 
with hydrogen with explosive violence at lo 
the dark ; with chlorine, the reaction beco 
to sunlight ; bromine and hydro 


om fluorine to 
formation of the 
uorine combines 
W ‘temperatures, even in 


mes explosive on exposure 


catalyst. The hydrogen halides also f. 
series as shown below : NOE така 


Some physical Properties of hydrogen halides, 
TABSE 18:3 


Property 


State of aggregation (15*C) 
Colour 


Melting point (*C) 
Boiling point (°C) 


Solybility in water (g;litre) d ah —354 
Heat of formation (Kcal/mole) 385 e) 2483 
1—60 


2 The superior reactivity of fluorine is di 


о th А 
dissociation energy of ће Ра molecule, Gi) its high el s Combined efectof 6) low 


wely high oxidising power and (iv) the Very small size of its at Hoo M ee 
‘OM or ion, 
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It is evident from the heat of formation of the hydrogen halides 
that their dissociation in the gaseous state would require lower 
temperatures with the increasing atomic number of the halogen, 
which is actually the case. 

The acid strength of the hydracids (HX) increases with the 
increase in atomic number from HF to HI, though electronegativity 
decreases in that direction. This happens because the increase in 
the size of the halogens with atomic number and the consequent 
lengthening and weakening of the H— X bond which overshadows 
the opposite effect due to the decrease of electronegativity. This has 
also been observed in the case of the hydrides of the Gr.VIB 
elements, viz. Н,О, H,S, Н,Ѕе and H,Te.* ; 

It may be seen from the table that hydrogen fluoride differs in 
many ways from the other hydrogen halides. This is due to its 
greater ionic character and its tendency to associate through 
hydrogen bonding (See Vol. I, p. 175). 4 

(b) Combination with metals: НаЇорепѕ combine with metals to 
form metallic halides which may be classified as (i) ionic or salt-like 
halides, (ii) covalent halides and (iii) complex halides. But, there: is 
no strict line of demarcation between the ionic and covalent metal- 
halides, All variations in properties are dueto factors such as 
the charge and size of the metal ion, the electropositive character 
of the metal and the electronegative character of the halogen. 
Thus, in comparing the compounds KCl, CaCl;, AICI, and ТіСІ,, 
we find regular transition from a purely ionic structure to an 
essentially covalent structure. Correspondingly, the covalent 
character of the halides of a particular metal increases with the 


* It appears surprising that HF is a weaker acid (in aqueous solution) than other 
halogen hydracids, although it is of more ionic character and has a greater 
electronegativity difference between the constituent atoms than the other hydracids. 

у This is mainly due to the fact that the H—F bond is much stronger than the НСІ, 
НВг or H—I bonds and the consequent large dissociation energy of the H—F 
bond. The trend in acid strength of the halogen hydracids increases in the order 
HI>HBr>HCI>HF, which is in conformtiy with the decreasing dissociation 
energies of the H—F, НСІ, H—Br and H—I bonds. Thestrength of the H—F 
bond is related to the short bond length of 1:0À compared with 17А for HI. The 
weaker character of hydrofluoric acid is also partly due to the association of its 
molecules through hydrogen bonding. 
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increasing size and decreasing electronegativity of the halogen. 
Similarly, on comparing the compounds LiF, LiCl, LiBr, and Lil, 
or CaF,, CaCl, СаВг; and Cal, we find gradual decrease in 
melting points and changes in other ionic properties (see Vol. I, 
pp. 169-172). The ionic chlorides, bromides and iodides are generally 
soluble in water, with solubility increasing with the size of the 
halide’ ion. [Although many fluorides are water-soluble, those with 
very high lattice-energy are insoluble.] · For the halides where the 
bonding is appreciably covalent, the reverse gradation of solubility 
in water is true. 


Electron-donor characteristics : The participation of halide ions 
in complex formation is well known. They can occupy from one 
up to all the available co-ordination positions in a complex. Due 
to the strong electrostatic attraction and Rana s o Xd 
resulting bonds, fluorine forms quite stable SEM T 
electropositive ions like Bt, Alt, Si+4 efc, gee 1 fas x 
is not considerably polarizable, it does not form stable uori У iom 
with large cations. The more polarizable chloride, bromide and 
iodide ions yield stable complexes with the large cati romide an 

stabilities increase in the given order of the h: ud and up 
maximum co-ordination number of the met EAE ed 


(c) Oxide formation: Halo 
В ogens do not react di ith: 
oxygen. Nevertheless, a large number of halogen oxid БИН 
which are prepared by indirect Oxides are known,- 


i methods, A 

oxides of the halogens are listed bas P Some of the important 
Fluorine Chlorine 
Bromine h 
Tod: 
oe Со Br,O d At 

20 clo, Bro, wat 

со, Bro, LO, 

ClO, 205 


Of these binary compounds of ‘hale 1 

gens with И 
derivative is better termed as the fluorides qp the fluorine 
the oxides of fluorine, because of the fud EUN Sather Dan 
electronegative than oxygen. Uorine is more: 


ELEMENTS ОЕ. GROUP VIIB : ‘THE HALOGENS 241 


The oxygen compounds of the halogens show the individuality 
of the elements most vividly. The stability of these compounds 
‘are anomalous. Although the bonds in the halogen oxides (except 
LO, and 1,0) are largely covalent in nature, F,O is stable while 
the oxides of chlorine are explosive (some of them violently) ; the 
oxides of bromine are less stable than chlorine oxides, whereas the 
oxides of iodine are fairly stable. Р.О dissolves in water to give a 
neutral solution and as such, it is not ап acid anhydride. But, 
the oxides of other halogens are actually the anhydrides of certain 
acids which is evident from the nature of their aqueous solution 
and their reactions with alkalis. 

(d) Oxyacids: The oxyacids are not definitely known for 
fluorine. All the other halogens form many well-known oxyacids. 
The stabilities of the oxyacids increase gradually from chlorine to 
iodine, and for any particular halogen, the stabilities of their oxyacids 
increase with the increasing number of oxygen atoms in the 
molecule. 5 : 

In the oxyacids, the effective electronegativity of the central 
halogen atom is most important in determining the acid strength. As 
oxygen is more electronegative than СІ, Br and I, larger the number 
of oxygen atoms attached to the central halogen atom, greater is 
its effective electronegativity. Thus, the central halogen becomes 
much more electron- withdrawing and attracts the bond-pair holding 
the oxygen of the X —O— H group towards itself. This increases the 
oxygen atom's electron-attracting capacity which pulls the bond- 

. pair of the O— H group towards itself, resulting in a facile release of 
the H* ion. Thus, in the case of a particular halogen, the strength 
of the oxyacids changes as: HClO, —HCIO; >HCIO, >HCIO. 
Perchloric, iodic and periodic acids are known in the pure state ; 
but, the other oxyacids are known only in solution or as salts. 
Chlorine and iodine are the only halogens which give peracids of 
the type HXO, (Х=СІ or I) [Iodine forms several condensed 
forms of periodic acid, and the common one has the unusual 
formula HIO,.] ; 

(e) Substitution reactions with paraffins and other hydrocarbons : The 
gradation in the reactivity of the halogens is well-illustrated in their 
substitution reactions with the paraffin hydrocarbons. Taking CH, 

16 


242 CHEMISTRY 


as the representative paraffin, it is seen that fiuorine “attacks it with 
explosive violence even in the dark to form HF, liberating carbon 
in the form of soot. With chlorine, similar reaction takes place 
in direct sunlight ; but, in diffused suntight, the halogen replaces 
H-atoms of the hydrocarbon one by one to produce CH,Cl, CH;Cl,, 
CHCl, and CCl. Bromine reacts similarly, but the rate of the 
substitution reaction is much slower. Iodine is practically without 
any action on methane under ordinary conditions, due to the 
reversible nature of the reaction. Iodination of CH, takes place 
only in the presence of certain oxidising agents. 


(7 Inter-halogen compounds: The halogens are capable of 
forming compounds with one another—each one being able to 
combine with one or more atoms of any of the other halogens: to 
form the inter-halogen compounds. These are generally formed 
through the direct union of the halogens, or by the action of a 
halogen on another lower inter-halogen compound. But generally, 
different halogens in a molecule. 


their melting and boiling poi 
electronegativity increases. 


the two halogens is invariably present in larger 
larger halogen acts as the central element, 
increases in’size, its covalency, or its ability t 
of the other halogen, increases, 
(g) Polyhalide formation: Halide ions often 
halogen molecule to form polybalide ions, 
solubility of iodine in an iodide solution is due to the formation 
of triioide ion: 1,41-1,-, More Complex ions like Į,- i Ty” 
€ ability of the formation and the 
are maximum for ijod; -i 
is much less stable than L7, and only a few. Kaas Ее 
pounds are reported. Fluorine is no 2 
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INDIVIDUAL MEMBERS OF THE HALOGEN FAMILY : 
А FLUORINE 


Occurrence: Due to its highly reactive nature, fluorine is never 
found native. In the combined state, however, the element occurs 
widely in many minerals such as fluorspar (CaFs), fluorapatite 
[3Ca; (PO,)s. Ca (Е, СП], eryolite (NagAIF,) etc. 

Isolation: Although hydrofluoric acid was prepared as early as 
in 1771 (Scheele), the isolation of fluorine was delayed by more 
than a century due to some inherent difficulties. The method of 
electrolysis for the preparation of fluorine failed due to the facts 
that, (i) anhydrous hydrofluoric acid is a non-conductor of 
electricity, (ii) aqueous solution of a fluoride or hydrofluoric 
acid produced fluorine during electrolysis no doubt, but the liberated 
halogen immediately reacted with water to form HF and O;, 
(iii) the extreme reactivity of fluorine resulted in its easy combina- 
tion with the materials of the electrodes and the electrolytic vessels, 
causing them to get badly corroded, and finally (iv) the deadly 
poisonous nature of the halogen proved fatal to many scientists, 
discouraging the effort of working with it. 

It was first observed by Gore that potassium hydrogen fluoride 
(KHF,) dissolved in anhydrous hydrofluoric acid, and the resultant 
solution was a conductor of electricity. With this knowledge, 
Moissan first isolated fluorine (1886) by carrying out the electrolysis 
of the above mixture in a vessel made of an alloy of platinum and’ 
iridium metals, using 
electrodes of the same 
material. [This alloy 
was not attacked by 
fluorine to any appre- 
ciable extent.] 

Moissan’s original method : 
In 1886, Moissan first is- 
olated fluorine by electio- 
lysing a solution of 'potas- 
sium fluoride in anhydrous 
hydrofluoric acid. . He used 


a U-tube made of platinum-iridium alloy, with electrodes of the same material, which 
were insulated by means of stoppers of fluorspar (fig. 18.1). The U-tube was 


Fig 181 
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cooled by immersing in a bath of methyl chloride (b.p.=23°C). On electrolysis, 
fluorine was liberated at the anode and this was successively passed through a 
platinum spiral tube cooled by liquid methyl chloride (to condense hydrofluoric acid 
vapours) and then through a platinum tube packed with fused sodium fluoride (to 
remove last traces of HF). Hydrogen was liberated, as usual at the cathode. 
[Moissan subsequently used copper vessel with Pt-Ir electrodes for the preparation of 
fluorine. A protective coating of copper fluoride formed on the inner surface of the 
vessel prevented the corrosion of the material of the vessel by fluorine.] 


Modern method of preparation: Fluorine is nowadays 
prepared by the electrolysis of fused potassium hydrogen fluoride 
(m.p.=239°C) at high temperature. Potassium hydrogen fluoride is 
fused by electrical heating in a V-shaped copper vessel, fitted with 
graphite electrodes (Fig. 18.2). The electrodes are insulated by 


Fig. 18:2 


means of bakelite cement stoppers. On Passing electric с t 
through the molten electrolyte, fluorine Bas is liberated at the rae 
and it is freed from any hydrofluoric acid vapour b он 
through two copper U-tubes packed with lumps of fused MM 
fluoride. Fluorine is collected in dry glass vessel. a 


Manufacture of fluorine is best done f 

(~100°C) electrolysis of a mixture of 60% dud mp RAN glue 
carried out in a rectangular steel vessel which acts as the cathode SEE Ht 
rod anode enclosed in a monel metal tube diaphragm, The ato ith a graphite 
fittings used in the process are generally made of teflon, Onna du and other 
fluorine is liberated at the anode and is removed through the mo xd d PN 
is freed from hydrogen fluoride by passing over fused Sodium PES ee 
electrolysis proceeds, the composition of the electrolyte is carefully ive by the ` 
fresh addition of hydrofluoric acid. The dried gas is compressed Stored and ed 
ported in steel or monel metal cylinders. » 
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Properties: Fluorine is a pale yellowish green gas with 
penetrating and extremely pungent smell. It is highly poisonous. 
It condenses to a yellow liquid below — 187:9°С and freezes toa 
pale yellow solid at —223°C. Fluorine is the most chemically active 
element known. It combines directly with almost all elements 
(except nitrogen and oxygen), to form the corresponding fluorides. 
Almost all the non-metals (except О, and №, of course) ignite 
spontaneously in fluorine. Carbon, phosphorus, arsenic, sulphur, 
silicon, boron, bromine and iodine burn in fluorine at ordinary 
temperatures ; chlorine combines with it on heating; graphite is 
attacked at red-heat and diamond above 700°C. With moist 
hydrogen, fluorine reacts with explosive violence even at —252°C 
in the dark. Most metals (Na, K, Cu, Mg, Sb etc.) catch fire 
in fluorine, others react with incandescence on heating ; gold and 
platinums react on heating to redness. Fluorine reacts with water 
to give ozonised oxygen: 2F,+2H,O=4HF+0,; 3F;4-3H,O 
—6HF4-O, With dilute alkali solutions, fluorine forms the 
monoxide (Е.О), while with concentrated alkalis, only oxygen is 
evolved : 2NaOH (dil.)--2F, = FxO+2NaF+H,0 ; 4NaOH (conc.) 
+2F,=4NaF+2H,0+0,+. Fluorine displaces the other halogens 
from their hydracids or halide salts: 2HCI4- F,—2HF 4-Cl, ; 
2KBr-- F—2KF 4 Br; etc. 

[All these reactions arise from the strong tendency offluorine to attain the 
mono-negative valence state by abstracting electrons from allother elements. It has 
already been stated that fluorine does not.react with Os and №, ; it reacts with Cl, 
only on heating. But, if these elements are present in their negatively charged state, 
fluorine can abstract from them their excess electrons and liberate them in the 
elementary state: 2NaCI -F4—2NaF 4-Cl, ; 510,+2Е.=51Е, +0] 


Hydrofluoric acid (НЕ). 

An aqueous solution of hydrofluoric acid is usually prepared by 
distilling a mixture of powdered calcium fluoride and conc. HSO 
( ~ 60%) inalead retort at a temperature of about 300°C. The 
evolved vapours of hydrogen fluoride are dissolved in water 
contained іп а lead receiver: CaF,--H,SO,=CaSO,+2HF +. The 
aqueous solution, containing 40% HF (sp. gr.—1:3), is stored in 
polythene, gutta-percha or paraffin bottles. [Glass is attacked by 
hydrofluoric acid.] 
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Anhydrous hydrofluoric acid is prepared by distilling pure 
Potassium hydrogen fluoride or Fremy’s salt (KHF,)* from a 
platinum or copper retort, using condenser and receiver of the 
Same material. Potassium hydrogen fluoride decomposes into KF 
and HF on heating. Тһе vapours of HF pass out of the retort 
through the condenser and are condensed into li 
the receiver in a freezing-mixture. 
in platinum or silver containers. 


quid by cooling 
The colourless liquid is stored 


Anhydrous hydrofluoric acid is a colourless, highly fuming and 
extremely poisonous liquid (b.p.—19:5*C). It forms ulcerated sores 
on contact with skin. It is completely miscible with ' water. 
Although the anhydrous acid is a non-electrolyte, its aqueous 
solution conducts electricity. The liquid acid an 
consist of polymerised molecules, (HF) 
about 90-100°C, its vapour density a 
formula, HF. Studies by electron diffraction Show that the poly- 
meric molecule results from association of HF units through 
extensive hydrogen bonding and the у 
structure like a zig-zag chain, with H—F— 
Vol. I. p. 175). 
weak ; 


HSIF,+-2H,0. {It is, 
or in glass 
uoric acid reacts with 
d liberating hydrogen. 
drofluoric acid can form acid 
[This is due to the ability of fluorine 


Other halogens are al 5 
у 5 m 
forming hydrogen bonds, See also Vol. L, p. 175 ] QU of 

у p ason, 


anhydrous sodium fluoride is Used to absorb h 
ydrofi i igo 
NaF4-HF=NaHF;. Hydrofluoric acid also differs io RUN 


to form hydrogen bonds. 


* Preparation of Fremy’s salt: Half the Portion of a; 
; Ў Е п aqueou: i 
is neutralised completely with K,CO;, and when the evolution ee of HF 
the other half of the acid is mixed with it, The mixture is then x qid 
dryness andthe dried mass is heated for some time vaporated to 


at 100°C. The i 
i i 3 тодис t 
in a vacuum desiccator over conc.H;SO, to remove last traces of LN t is Кер! 
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halogen hydracids in that it forms very stable complex .acids like 
fluóboric acid (HBF,) and hydrofluosilicic acid (H;SiF;) on com- 
bination with BF; and SiF,. 

Hydrofluoric acid is used for etching glass and for making metal 
fluorides. 40—60% HF solution is generally used for etching glass. 
When the solution is used, the etching on glass is clear; but, if 
gaseous HF is used, the etching becomes opaque. The acid is also 
used to remove silica from graphite or iron castings, and also as a 
reagent in the estimation of silica and a catalyst for some organic 
syntheses. 


Metallic fluorides: These are the metal salts of hydrofluoric acid and are 
usually prepared by reacting the metal concerned with fluorine or hydrofluoric acid. 
As fluorine is a highly electronegative element, the simple metallic fluorides are 
usually ionic compounds. The crystal lattice of all these compounds contain the F- 
ion. As the radius of, F- (1°36 A) is almost identical with that of the oxide, O?-, 
ion (1:40 A), many ionic oxides and fluorides have similar formulas and crystal 
structures as in CaO and NaF. Most of the metallic fluorides (including silver 
fluoride) are soluble in water. [But, CaF, and SrF; are practically insoluble in water 
due to their high lattice energy.] Some metallic fluorides combine with hydro- 
fluoric acid to form acid fluorides : NaF +HF=NaHF;. Many double or com- 
plex fluorides like Na;AIF,, Na,FeF, аге also known and these are sparingly soluble 
in water, Due to its high electronegativity and small covalent radius, fluorine 
forms fluorides with many metals in their higher oxidation states, such as in CoF;, 
АВЕ, etc. 

Solvent action of liguid hydrofluoric acid: Anhydrous hydrofluoric acid is 
a highly associated liquid (b.p.—19:5*C). It has high dielectric constant and dipole 
moment (comparable io those of water) and as such, it acts as a good ionizing 
solvent. Many metallic fluorides, fluroborates and perchlorates dissolve in liquid 
HF by producing anions like НЕ“, ВЕ,- and CIO.. Alkali sulphates and 
periodates are also soluble in this solvent to some extent. Complex fluorides like 
Na;AIF, dissolve in liquid HF to give ionic solutions. Some non-metallic fluorides 
like PFs, AsFs and SbF; dissolve іп it with the formation of РЕЗ, AsFe~ and Sb," 
ions respectively. Many inorganic salts, like alkali halides (other than fluorides) 
and cyanides dissolve in anhydrous HF and are decomposed thereby to. form soluble : 
, metal fluorides and liberate hydrogen halides and HCN respectively : 

MX+HF=M++F-+HX (X=Cl, Br, I, CN). 
Sulphuric acid dissolves in liquid HF to form fluosulphuric acid, HsO* and F-, 
Many organic compounds like alcohols, acids, ethers efc. dissolve in liquid HF to 
form conducting solutions. The solute molecule accepts the proton from HF to 
form the complex positive ion during the process of dissolution : 

ROH+HF=ROH;*++F-;  R.COOH4HFEGR.COOH,HFE-; R,O+HFS 
R,OHt+F-. Nitric acid dissolves in liquid HF by accepting a proton and thus 


248 CHEMISTRY 


behaves as a base in this highly acidic solvent (See, theories of acids and bases, 
Vol. I, Chapter V) : 


HNO;HF = H;NO,++F-. 
Tests: (i Hydrofluoric acid may be detected by its etching action on UC 
(ii) A mixture of fluoride and conc. H,SO,, on heating in a test tube, pro aa 
vapours which, on contact with a drop of water, forms gelatinous si 


acid. (iii) On adding BaCl, soln. toasoln. ofa fluoride in water, a white ppt. 
of BaF, is formed. The ppt. is soluble in conc. НСІ. 


The quantitative estimation of fluoride is carried out by titrating a fluoride 
solution with standard thorium nitrate soln. with alizarin-S indicator, till a red 
colour or lake is formed. 

Oxides of fluorine: Fluorine forms two oxides, viz. fluorine 
monoxide (F,O) and difluorine dioxide (FiO;). These two oxides 
are not formed by the direct combination of the elements, even at 
elevated temperatures, but they are prepared by indirect methods. 
The best method of their preparation, together with their important 
properties and structures, are given in the following table : 


Table 18:3 : The oxides of fluorine 


Name and Method of Important 
formula preparation properties Structure 
1. Fluorine Prepared by the Colourless — gas 
monoxide action of fluorine | with Strong smell. (0) 
(Е.О) on dilute alkali | Fairly stable and AGES 
or, Oxygen solutions. a strong oxidising F Е 
difluoride agent. Liberates 
(OF;) I; from KI soln. : 
F,O 4 4KI + H,O 


—2KF + 2KOH 
2h. 


. Difluorine di- | Formed as ап | High table : 
E aide (Е.О) | orange-red solid ae 


^ composes into 
or, Oxygen . by the action of Constituents at Е. 
monofluoride | electric discharge —100°C. Melts None о 
(О,Ез) Оп а mixture of | at —163:5*C. E^ 
O, and F, at low 
temperature and 
pressure. 


T — ЕС S 
Abnormalities of fluorine : 

fluorine differs remarkably fr 

fiirst member in all other 


XE e iu d 
As the first member of the group, 
om other halogens, as is true for the 
groups of the Periodic table. The 


, and I, does not react. 
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abnormalities of fluorine, as compared with the other halogens, are 
ascribed to its extreme electronegative character, unit negative 
valency and fairly low atomic volume. Tn fact, fluorine tends to 
resemble the neighbouring element oxygen in the previous group 
in some of its properties.. Some of the abnormalities of fluorine 
are enumerated below: 

(i) Unlike the other halogens, fluorine cannot be prepared by 
heating a solid fluoride with MnO, and conc. #,50,. 

(ii) Fluorine is extremely reactive. With moist hydrogen, it 
combines with explosive violence even at – 252°C. 

(iii) Fluorine reacts with water to give ozonised oxygen even in 
the cold, while Cl, and Br; form hydrohalic and hypohalous acids 


forms Е.О, while with 


(iv) With dilute alkali solutions, fluorine 
halogens form 


conc, alkalis, only oxygen 5 liberated. Other 
hypohalites, halides and halates under different conditions. 

(v) Inthe two known oxides of fluorine, the halogen is the 
negative component with —1 oxidation state. But, in the oxides 
of other halogens, these elements function as the positive component, 
sometimes with higher positive oxidation states. 

(vi) Fluorine is a very strong oxidising agent and forms com- 
pounds with many metals and non-metals by bringing about their 
highest covalency, as in ЧЕ, PFs, SeF;, SFe» IF, etc. The highest 
fluorides of Co and Ag are CoF, and AgF:, while the other halides 
of these two metals are CoX, and AgX (X=a halogen other than 


fluorine). 
(vii) Unlike any other halogen, fluorine does not form any 


oxyacid. 

(viii) The hydride of fluorine (HF) possesses some unique 
properties as compared to those of other halogen hydrides. Thus, 
HF is a strongly associated liquid (b. p-=19:5°C), while the other 
halogen hydrides are non-associated gaseous . substances. So, HF 
is capable of giving rise to acid salts, e.g.. КНЕ», which are not 
known for other halogens. Particularly interesting is the fact that, 
in combination with organic bases, HF acts as a tetrabasic acid, as 
in ЕМЊАНЕ. Solubilites in water of some metallic fluorides are 
also radically different from those of the corresponding metallic 
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salts of other hydrohalic acids. Thus, silver and mercurous fluorides, 
unilke other Ag* and Hg,** halides, are soluble in water, but CaF, 
and LiF are insoluble in water. 


(ix) Fluorine differs from other halogens in that HF forms 
complex acids like fluoboric acid (HBF,) and hydrofluosilicic acid 
(H,SiF,). Other hydrogen halides do not form such compounds. 


(x) -Aqueous solution of HF attacks glass, but solutions of 
other hydrogen halides do not. 


(xi) Fluorine forms electrovalent compounds with Al and 
mercuric mercury. But, the other halides of these two metals are 
covalent compounds. 


CHLORINE 


Occurrence: Chlorine does not 
of its high reactivity. But, in the combined state 
abundant. The most important source of chlorin 
chloride which occurs.as common 
contains about 2—3% NaCl. 
like-sylvine (KCl) 
deposits, 


occur free іп nature because 
> it is fairly 
€ is sodium 
salt or rock-salt. Sea-water 
The element also Occurs in minerals 


and carnallite (KCl. MgCl,. 6H,O) in the Stassfurt 
and also as horn silver (AgCI). 


Preparation : Chlorine is usually prepared in the laboratory by 
oxidising hydrochloric acid with manganese dioxide or potassium 
permanganate. : 


Powdered manganese dioxide or Dyrolusite (naturally occurring 
MnO.) is heated’ with conc. НСІ in round-bottomed flask, fitted 
with a thistle funnel and a delivery 


tube. A dark brown solution 
is first formed, which evolves chlorine on gentle heating. The 


evolved gas is washed with water, dried with conc, H,SO, and 
collected by the upward displacement of air: мао, кане 
MnCh--2H;,O-4-Ch f. [The brown Solution produced at the 
beginning of the above reaction’ contains higher chlorides of 
manganese (MnCl, and/or MnClj, which decompose into Maci 
and Cl, on heating.] Conc. HCI in the abóye experiment may be 
replaced by a mixture of common salt and conc, H,SO,: 4NaCl4 
Mn0,+4H,SO,=4NaHSO,+ MnCl;-2H,0 4-CI, 4 . 
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The above reaction was earlier used for the manufacture of chlorine by the 
Weldon Process. From the mother-liquor containing MnCl,, manganese was re- 
covered by ireatment with excess of milk of lime, when manganous hydroxide was 
precipitated : MnCl, + Ca(OH),  Mn(OH): ү 4CaCl,. Air was then blown through 
the mixture at 60°C to oxidise Мп(ОН) to MnO;. The latter combined with excess 
of lime. to form calcium manganite, CaO.MnO, which, on addition of more 
manganous liquor and aeration, produced black calcium dipermanganite, CaO. 
2MnO;, commonly known as Weldon mud. This was used in the decomposition of 
НСІ again. The process is, however, obsolete now. 


A continuous stream of chlorine gas may b 
laboratory by dropping conc. HCl on powdered KMnO, in a flask. 
_ In this case, the evolution of Cl; takes place in the cold. 
2КМпО,+ 16HCI—2KCI--2MnCI;-- 8H;O--5Cl, t 
Almost pure chlorine can be prepared by gently heating pure 
potassium dichromate with concentrated hydrochloric acid : 
K,Cr,O, +14HCI=2KCl + 2CrCl,+-7H,0+3Cls | 
Chlorine can also be detained by the action of dilute acids on 
bleaching powder : 
Ca(OCI)CI--2HCI— CaCl;-- HiO t Ch 1. . | 
The gas prepared by this method is often contaminated with CO», 


which is formed from CaCO, present in bleaching powder. 
chlorine when its mixture with air is 
the basis of the manufacture 


e obtained in the 


Hydrogen chloride gas can be oxidised to 
heated in presence of a copper salt as catalyst. This was 
of chlorine by the Deacon Process which is, however, obsolete nowadays. In this 
process, a mixture of HCl gas and air was passed over heated (450°C) broken bricks, 

_ previously soaked in CuCl; solution and dried. The over-all reaction is represented 
as: 4HC1+0,(air) = 2H,0+2Cl;. The reaction is reversible, effecting conversion 
of only two-thirds of the НСІ used into chlorine. The mechanism of the catalytic 
reaction is represented as follows : 2CuCh= 2CuCl+Cla +; 4CuCl+ Os = 2(CuO. 
CuCl) ; 2(CuO. CuCl) + 4HCI = 4CuCl,42H;O 4. It is seen that cupric chloride 
is regenerated in the process, and the process is made continuous. The products, 
containing Сіз, excess of НС! gas and nitrogen of air, were washed with water to 
recover unchanged НСІ and then dried with conc. H:SO«. Chlorine obtained by this 
process contains nitrogen of the air used. 


At present, chlorine is manufactured by electrolysing brine, or 
itis obtained on alarge scale asa by-product in the electrolytic 
production of caustic soda or sodium carbonate (See Vol. I, 
Chapter XI). Chlorine is stored and transported in steel cylinders, 
after being liquefied by compression or cooling. 
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Properties: Chlorine is a greenish yellow, poisonous gas, with 
suffocating odour. It is about 2$ times as heavy as air. It can 
beliquefied to an amber yellow liquid at 15°C by a pressure of 
6 atmospheres, or only by cooling in a freezing mixture of solid 
carbon dioxide (dry ice) and ether. 


Chlorine is chemically very active. Except carbon, nitrogen 


and oxygen, it combines directly with hydrogen and with most of 
the metallic and non-metallic elements. Hydrogen and chlorine 
combine with explosive violence, when their mixture is exposed to 
light. But, in presence of active charcoal, hydrogen and chlorine 
combine smoothly and rapidly in.the dark to 
chloride. A jet of either of the two gases also b 
form HCl. [This reaction is used for the 
The high affinity of chlorine for h 
power of removing hydrogen fro 
It, .therefore, acts as an oxid: 
methane or ethylene 
kindled, to form HCI, 
piece of filter paper, 
into flame with the 
forming НОЈ : 


CH,-2Clj—C | +4HCI : CH, 201, 
CiHy,--8Clj—10C | --16HCI. 


But, chlorine readily adds to the double bonds of ethylene to form 
ethylene dichloride : C3H,-- HCl, — CH,CI,. A mixture of methane 
and Cl, on exposure to diffused Sunlight, forms chlorinated 
hydrocarbons and НСІ through substitution reactions : 
CH,+Ch=CH,Cl+Hc] ; CH;CI--CI, — CH;CI,--HCI ; 
CH;Cl;-- Cl; —CHCI;--HCI ; CHCI;4-CI,—CCI, 4-HCI. 


Chlorine also acts as an oxidant b 
other substances. For example, it Oxidises ferrous chloride and 
stannous chloride to ferric chloride and stannic chlorides respec- 
tively : 2FeCl;4- Cl; —2FeCl, ; SnCi,+Cl,=Snci,. Chlorine oxidises 
ammonia to nitrogen; but, if excess chlorine is used, a highly 
explosive liquid, nitrogen trichloride, is formed : 

3Cl, J-8NHs — 6NH4CI -N, ; 3Ch--4NH,—NCI, +3NH,Cl. 


produce hydrogen 
urns in the other to 
manufacture of НСІ] 
ydrogen is also manifested by its 
m hydrogen-containing Substances. 
ising agent. Thus, a mixture of 
(1 vol.) with chlorine (2 vols.) burns, 


when 
with the deposition of 


carbon (as soot). A 
Soaked with warm turpentine (C,,H,,) bursts 
deposition of black clouds of carbon and 


=2C | --4HCI ; 


Y direct combination .with 


> 
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Chlorine combines directly with SO; and CO in sunlight or 
in presence of active charcoal, to form sulphuryl chloride and 
carbonyl chloride (phosgene) respectively : 

SO,-+Cl,=SO,Clp ; CO+Cle=COCI:. 

Chlorine dissolves in water to an appreciable extent to form a 
yellow solution, commonly known as chlorine water, which possesses 
strong oxidising power. On passing Ch, into ice-cold water, pale 
greenish-yellow crystals of chlorine hydrate, Cl,.6H,O, are formed. 
Chlorine water bleaches litmus and other vegetable colouring matter. 
The oxidising and the bleaching properties of chlorine water are due 
to the production of nascent oxygen from water by chlorine : HO 4- 
T Ch—2HCI-4[O]. In chlorine water, an equilibrium is set up with 
the formation of hydrochloric and bypochlorous acid, which is, in 
fact, the’ hydrolysis ‘of chlorine : Cl,+H,O = HCI+HOCI. In 
diffused sunlight, the solution of НОС! forms а mixture of hydro- 
chloric and chloric acids as a ‘result of self-oxidation and reduction : 
3HOCI=HCIO,+2HCI. Hypochlorous acid, however, breaks up 
into’ HCl and O, on exposure to bright sunlight : 2HOCI -2HCI4- 
0,1. 

PR. water oxidises SO, to H,SO,, liberates sulphur from 
H,S, bromine and iodine from solutions of bromides and iodides 
respectively : SO, +2H:O + Cl; — H;SO, 4-2HCI ; H;S4- Cl; —2HCI 
+S} ;2KBr+Ch=2KCI+Br, ; 2KI+Cl=2KCl+h. 

Chlorine reacts with cold and dilute solutions of NaOH, KOH 
or Ca(OH), to give chlorides and hypochlorites, so long the alkali 
remains in excess: Cle+2NaOH=NaCl4NaOCl+H,0; 26+ 
2Ca(OH),=CaCl;+Ca(OCl):+2H,0. But, if chlorine is used in 
excess, the hypochlorite readily changes to chlorate. With hot and 
concentrated solutions of alkalis, however, “chlorides and chlorates 
are formed: 3Cl--6NaOH (hot and conc.)—5NaCl--NaCIO, 4- 
3H,O ; 6Ca(OH), (hot and conc.)--6Cl,—5CaCl,-- Ca(ClO;), 4- 
6H,O. Chlorine reacts with slaked lime at about 40°C to form 
bleaching powder: Ca(OH),+Cl,=Ca(OCl)C1+H,O. When Cl, 
gas is passed over red-hot CaO, calcium chloride and oxygen are 
formed: 2CaO-+Cl,=2CaCl,+-0,. ; 

Photochemical combination of Н, and Cl, : Hydrogen and chlorine combine to 
form HCl on exposure to light (photochemical reaction). The reaction becomes 
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violent except in the diffused light. It is assumed to be a chain feaction, in 
which the products of the primary reaction are re-generated in a subsequent stage to 
continue the chain indefinitely : 

Cl, + lightenergy — 2Cl; 

cl + но > на + H; 

H + Ch - на + Cl, and so on. 

It may be seen from above that the chlorine atoms formed at the start from the 
dissociation of Cl, molecules by the absorption of light are regenerated at the third 
stage to continue the chain over and over again. 

Uses: Chlorine is widely used for bleaching paper-pulp, cotton 
and linen textiles, either in the free state in solution or as a 
hypochlorite or bleaching powder. Itis also used for. sterilizing 
drinking water and for the preparation of metal chlorides and 
chlorates, sulphur chloride, carbonyl chloride, bleaching powder 
hydrochloric acid etc. It has also large application as:a chlorinating 
agent for organic substances, for refining petroleum a 


i nd for the 
production of intermediates of synthetic rubber. i n 


COMPOUNDS OF CHLORINE 
HYDROGEN CHLORIDE. 


Preparation: Hydrogen chloride is 
by heating sodium chloride with con 
is dried by passing through conc. 


collected by upward displacement of air 

+-H,S0,=NaHSO,+HCl}. [The gas E Tu dad „деа 
through РО; as it reacts with the desiccant : 2P,0 +3H ur UM 
+3HPO;] A steady supply of the gas xo 2 CI—POCI, 
a Kipp's apparatus by the action of conc. H.SO m 
NH,Cl. Very pure НСІ gas may be prepared nase oe 


H H b i 
silicon tétrachloride : SII, -2H,0—Sio, +4HC1 4 the hydrolysis of. 


prepared in the laboratory 
€. H;SO,. The evolved gas 
Н,50, or fused CaCl, and 


Hydrochloric acid is an aqueous Solution o 
The solution may be prepared by passing the 
means of an inverted funnel, or by inserti 
tainer in between the gas-supply and the abs 
back-suction of water into the reaction-flask, 


f hydrogen chloride. 
НСІ gas into water by 
ng an empty glass-con- 
Orbing vessel to avoid 
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Hydrochloric acid is manufactured either as a by-product in the 
manufacture of salt cake (see p. 390 of volume 1), or through 
synthesis from Н, and Cl, obtai- 
ned in certain electrolytic pro- 
cesses. Electrolytic chlorine is 
allowed to burn in- electrolytic 
hydrogen in a large tank made 
‘of acid-resisting materials, and 
the product is dissolved in water. 
Synthesis of HCl may also be = На 
effected by passing a mixture of А 
steam and chlorine over active 
charcoal as a catalyst : 

2Cl; J-2H;0 —4HCI 1-O;. 

Properties: Hydrogen chloride is a heavy, colourless gas with 
a pungent smell. The gas neither burns nor supports combustion ; | 
but, a piece of burning sodium continues to burn in it to form 
NaCl and hydrogen: 2Na+-2HCI=2NaCI+H,. ! гар be liquefied 
by cooling with liquid air to a colourless, non-conducting liquid. 
The liquid and its vapour evidently consist of covalent molecules. 
The dry liquid exhibits no acid property. Thus, it Һаѕ по action 
on metals like Zn, Fe and Mn or on compounds like CaO and some 
carbonates. But, peculiarly enough, aluminium dissolves in it with 
the evolution of hydrogen. Tin and iron are converted into SnCl, 
and FeCl, with the liberation of hydrogen, when the metals are 
heated in a current of gaseous hydrogen chloride: Sn+2HCi=SnC], 
+H, ; Fe-+-2HCl=FeCl,+H). 

Gaseous hydrogen chloride is highly soluble in water. The 
dissolution takes place with considerable evolution of heat, giving 
a strongly acid solution, usually known as hydrochloric acid. A 
saturated aqueous solution contains 42% hydrogen chloride dis- 
solved in it. But, on distilling a solution of НСІ in water, a cons- 
tant-boiling liquid, boiling at 110°C, distils over, and this contains 

` about 202% НСІ. The aqueous solution of НСІ is a good conductor 
of electricity and behaves as a strong monobasic acid. The covalent 
molecule of gaseous НСІ dissociates extensively in aqueous solution 
to produce H* and Cl- ions. Hydrochloric acid dissolves basic 


H;0 
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oxides, libérates CO, from carbonates and neutralises alkalis. 1 
dilute acid dissolves metals like zinc, iron and magnesium with t 5 
liberation of hydrogen ; tin and aluminium dissolve in the hot an 
concentrated acid. Copper is slowly attacked by the concentrated; 
acid, forming cuprous chloride which dissolves readily with the 
formation of complex acids like H[CuCl,] and H,[CuCl;] : 


2Cu+2HCl=2CuCl+H, 1 ; CuCl+HCl=H[CuCl,] ; 
CuCl+2HCI=H,[CuCl,]. 


The acid is readily oxidised by oxidising agents like MnO;, 
KMnQ, or K;Cr;O;. 


Composition of НСІ: The volumetric composition of НСІ can be ascertained 
by (i) the analytical method, or (ii) the synthetic method. 


(i) The analytical method.—A concentrated solution of hydrochloric acid 
(sp.gr.—1:1) is electrolysed with carbon electrodes in a two-limbed glass voltameter 
(Fig. 18:4). Hydrogen is liberated at the cathode and 
chlorine at the anode (after the anodic solution is saturated 
with chlorine). If the gases are collected and their volumes 
measured after the saturation of the anodic solution with 
chlorine, it will be found that equal volumes of the two- 
gases are collected at the two limbs of the voltameter. It 
is concluded from the results of this experiment that 
hydrogen chloride contains equal volumes of hydrogen 
and chlorine. But, these results do not give any idea 
about how much volume of hydrogen chloride has 
Produced the noted volumes of H, and Ch. So, the 


The following experiment 
should, therefore, supplement the above to find out the 
molecular formula of hydrogen 

chloride by the analytical method : 


Moist sodium amalgam is intro- 
duced into a known volume of 
hydrogen chloride collected over 
mercury in the stoppered limb of the 
apparatus shown in fig. 18:5, Sodium amalgam reacts with 
HClto form NaCl (which occupies practicalty little volume) 
and Hy. Itis found after the completion of the reaction that Y 
the volume of H, that remains is equal to half the volume of 
НСІ gas taken. The results show that hydrogen chloride 
contains half its volume of hydrogen, 


Fig. 184 


Fig. 18:5 
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It has been found from the first experiment that hydrogen chloride contains equal 
volumes of На and Cl. So, combining the results of the two experiments, we can 
say that, 


2 vols. of hydrogen chloride contain 1 vol. of hydrogen and 1 vol. of chlorine · 


or, 2 mols, 5 5 - 1 mol. ср » 1mol. 
Or, 2 mols. Pra D co 2 atoms р » 2atoms 5; 
or, 1 mol. 3 5» = 1 atom ip » latom » 


So, the molecular formula of hydrogen chloride is НСІ, which is also confirmed 
` by its molecular weight (36:5), as determined from the vapour density measurement. 
(ii) * The synthetic method.—Equal volumes of Hz and Cl, are collected sepa- 
rately in the two bulbs (of equal capacity) of a glass apparatus (Fig. 18:6). Each о! 
thetwo bulbs is provided with a stop- 
cock at one end and they are connected 
by a narrow glass-tuble which is also с С: PIN. 
provided with а stop-cock. The two gases 
are allowed to mix together by opening ` Fig. 18:6 


the middle stop-cock and the apparatus E 
is kept in ‘diffused daylight for about 48 hours, so that the combination between 


hydrogen and chlorine to form hydrogen chloride is complete. [This is indicated by 
the disappearance of the greenish colour of chlorine.] Afterthe completion of the reac- 
tion, one of the ends of the apparatus is dipped ina trough of mercury and the end 
stop-cock is opened. No gas comes out of the apparatus and mercury also does not 
enter the apparatus. This shows that there is no change in volume of the gases when 
Н, and Cl, are combined. But, on opening one end of the apparatus under water, 
it is seen that the apparatus is completely filled up, as water rushes in by dissolving 
the hydrogen chloride. This proves that, one volume of hydrogen combines with 
one volume of chlorine to produce two volumes of hydrogen chloride. So, by 
applying Avogadro's law to the results of the experiment, it comes out that, 1 mole- 
cule of hydrogen chloride contains 4 molecule or 1 atom of hydrogen and 3 mole- 
cule ог 1 atom of chlorine. Hence, the molecular formula of hydrogen chloride 
is HCl, which is confirmed from the molecular weight as determined by its vapour 
density measurement. А 

Uses: Hydrochloric acid has many applications іп various 
industries. It is used in dyeing and textile printing; for pickling 
iron sheets before tinning, galvanising or enamelling; for 
manufacturing glue and glucose; for preparing metallic chlorides 
etc. It also finds important applications as a reagent and an acid 
in chemical laboratories. Aqua-regia is prepared from it. It is also 
used in medicine. 


Tests: (i) A soln. of HCl or chloride produces a curdy white ppt. on treatment 
‘with AgNO, soln. The ppt. is insoluble in НМО,, but soluble in NH,OH. (ii) A 
conc. soln. of HCI or a mixture of a solid chloride and conc. -H;SO,, when heated 


17 
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with MnO;, evolves a greenish yellow gas (chlorine) with irritating smell. The gas. 
turns a moist starch-iodide paper blue. E 

Hydrochloric acid or a chloride is estimated by precipitating: from a soln. as 
AgCl in presence of HNO; and weighing the dried ppt. It can also be estimated by 
titrating with a standard soln. of AgNO;, using potassium chromate indicator. 


Oxides of Chlorine. 


There are four well-characterised oxides of chlorine, They are 
generally prepared by indirect methods. These are: (i) Chlorine 
monoxide (Cl,O), (ii) Chlorine dioxide (С1О;), (iii) Chlorine 
hexoxide (ClO) and (iv) Chlorine heptoxide (С.0,). Their 
best methods of preparation, state of aggregation and 
structure are given in Table 18:4 : 


TABLE 18:4 


Oxides of Chlorine 


accepted 


Мате and Best method of 


О State of aggregation and 
formula preparation 


important property Structure 
peak Знај sin) 


Chlorine | Obtained by Passing | Brownish yellow gas; 
monoxide | Cl, over precipitated 


Condenses to an orange (0) 
(СО) | HgO, previously | liquid (b. р. 2°C) on A TA 
heated to 300°C ; cooling. Disssolves in | Cl C1 
2Cl,+2HgO water to givea soln, of 
-:HgO.HgCl, hypochlorus acid g 
TChO4. ChO +H,0=2HOCI. 
.: 0. 
"Ст: :а1: 
: 
Chlorine | Preparea by passing | Yellow gas; conde te 
dioxide dry Ch over silver to a dark-red liquid Op о. 
(CIO; | chlorate at 90°С: 11°C) and freezes to 5 
2AgClO,+ Cl,— Orange crystals at ST 
2AgC!+2C10,+0,. —959'C. Aqueous soln. БЯ 
15. neutral; but reacts 3 (0) 
with bases to give chlo- Коу 
Iites and chlorates : 
2CIO:-2KOH—Kclo, 
+KClO,+H,0, DA 
"0: 
:CY 
"ug: 
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Continued 
Name and Best method of State of aggregation and 
formula . preparation important property Structure 
Chlorine | Obtained by the | Dark-red unstableliquid, 9 ? 
hexoxide | action of ozonized | freezing ati | 3:56: | 


(СКОб) oxygen on ClO, at | Reacts with alkalis to 0-—61— C1—0O 


0°C, and by fractio- | give chlorates and per- 


nating the products : | chlorates : о 0 
2CIO; + 205 СО, +2KOH=KCIO; 
=<1,0, +20;. -FKCIO, 4-H;O. 


Chlorine | HCIO, is added to | An oily, colourless liquid 
heptoxide | P,O, at —10?C. The | (b.p. 82°C). Reacts with 
(СКО;) mixture is kept for | water to give perchloric 
24 hours add then | acid: Cl,O;+H.,O 
distilled at 85°С : —2HCIO,. 
2HCIO,-- P105 
=<С10; t +2НРО,. 


—— S aa 


The isolation;of chlorine tetroxide (СТО, through the reaction, 2AgCIO,-+Ia 
=2AgI+2ClO,, has been claimed. But, there appears to be much controversy 
among the chemists about this oxide. It is often believed that the substance is a 
free radical which may exist in the dimeric form, (СІО,)г. It reacts with water and 
metals to produce perchloric acid and metal perchlorates respectively. 


Other important properties of the oxides-of chlorine : 


Chlorine monoxide (СО): The gas is thermally unstable and 
explodes on heating orin the presence of reducing agents, into 
chlorine and oxygen: 2Cl,O=2Cl,+O,. Itis an oxidising agent 


and oxidises sulphur to SO;, phosphorus to P,O; and even hydrogen 
chloride to chlorine. It is the anhydride of hypochlorous acid 
(HOCI) which is formed on dissolving the gas in water. With 
alkalis, it forms hypochlorites è Cl,O--2KOH —2KOCI-4-H;O. 

The structure of Cl,O is angular as shown in the Table 18:4, 
the CI—O bond distance being 1:71 А and the CI—O—CI bond 
angle being 111^. 
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Chlorine dioxide (СІО,) : It readily explodes on heating, or in 
contact with hot glass, or when sparked. Explosion also takes 
place when the oxide comes in contact with organic substances like 
alcohol, ether, turpentine oil etc. It isa powerful oxidising agent 
and liberates iodine from acidified KI solution: 10 KI+8HCI+ 
2С10,=10КСІ+4Н,0 +-51,.. The compound is paramagnetic and 
contains an odd number of electrons. Its structure is shown in the 
Table. It is angular with the O—CI—O angle of 117. The CI—O 
bond lengths are appreciably shorter than in a single bond, and it is 
believed that resonance occurs between the two structures shown, 
each of which involves two co-ordinate bond and a three-electron 
bond occupying either position [See also Vol. I, p. 144]. It is 
often considered as the mixed anhydride of chlorous and chloric 
acids. 
а tt ona aus essen heat 
but produces chlorates and У hl i ae : 2 uh E 
оов eR Perchlorates with alkalis, as already 
chloric and perchloric ate ae cle “i зааны 
pound contains по unpaired = RE E e 
diamagnetic. But, in the li Мора and hence, should Gi 
> quid state and in aqueous solution, it 


16: 0: 
ао E 10201. Ae eta 

ROC sns T 
СО (Dismagnetic) со, D RM 
Fig. 18:7 
exhibits paramagnetism. So, it is 
dissociation into odd molecules CIO. 
the chlorine atom : Cl,O,=2Cl0,. 


Chlorine heptoxide (СО) : It is a moderately stable oxide of 
chlorine and is the anhydride of perchloric acid. Tt is a mild 
oxidising agent and forms perchloric acid ang perchlorates oD 
reaction with water or bases (or metals). The accepted structure of 


Probable that it undergoes 
a With an unpaired electron on 


the compound is shown in the Table. 


spectra of the compound shows that two CIO, groups are bridged 
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"by an oxygen atom, the Cl-O-Cl angle being 128° 
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Oxyacids of Chlorine : Chlorine has four well-known oxyacids. 


These are : 


As already stated, 
chlorine increase with the number of oxygen at 
Thermal stability of the oxyacids also increase with the mo 
The best methods of the preparation of the oxyacids of 
properties and the accepted 


weight. 


chlorine, together with their important 


Hypochlorous acid, HOCI ; 
Chlorous acid, HCIO, ; 
Chloric acid, HCIO, ; 
Perchloric acid. НОО, ; 


structures are given in the Table 18:5 : 


Name and 


TABLE 18:5 
The Oxyacids of Chlorine 


Method of 


formula preparation 
Hynachlo: 85 aqueous solution 
rous aci ~ 25%) is prepared by 
(HOC!) eee 


= 


precipitated 
HgO with chlorine water 
and then distilling the 
filtered solution : 
2HgO 2Cl, + H:O 
—2HOCI 4-HgCl,. HgO. 
May also be prepared 
by passing a stream of 
of COs into a suspension 
of bleaching powder in 
ба 

ET )CI 4- HO 4- 
CO,=CaCl,+ CaCO; | 

+2HOCI. 


Important properties 


The soln. of the acid is 
pale yellow in colour, 
with a pleasant smell. It 
is a very weak acid, 
stable when kept cool in 


the dark. Decomposes 


by heat or on exposure 
to light, evolving Cl, 
and Оз, with the forma- 
tion of some  chloric 
acid : 

2 HOCI-2HCI4-O; ; 
HCI4-HOCI—H;O 


+ С; 
3HOCI=HCIO, 
+2HCl. 
It reacts with alkalis to 
form hypochlorites : 
NaOH+HOCI 
=Маосі+Н;:0. 


the ‘strength and stability of the oxyacids of 
oms in the molecule. 
lecular 


S 
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Name and 
formula 


Chlorous 
acid 
(HCIO;) 


CHEMISTRY 
Continued 
f Р Accepted 
Method of Important properties асер 
preparation 
cl 
i k H—0— 
eous soln, of the | It isa moderately weak 
E prepared by the | acid, the Ka being 10 d d 
action of dil. H;SO; on | The weak acid soln. is 
barium chlorite and fil- | unstable - and decom- 
tering off the precipita- | poses rapidly : 
ted barium sulphate : 


Ba(Cl0O;); +Н,50,= 
BaSO, | --2HCIO;. 
[Barium chlorite is pre- 
pared by the reaction of 
ClO, with a suspension 
of BaO; in Н.О, : 
2CIO,4- H0, —2HCIO, 


+0,; 
BaO;+ 2HCIO, 
=Ba(ClO;):+H,0,.] 


4HClO,=2Ci0,+ CIO;- 
+Cl-+2H++H,0; 


Perchloric 
acid 
(HCIO,) 


Obtained as a 40% soln. 
by treating barium chlo- 
tate soln. with dil, HSO, 
and evaporating the fil- 
tered soln, in a vacuum 
desiccator over cone, 
H,SO,: 
Ba(ClO,)s4-H,SO, 
—BaSO, | +2HCIO,. 
Further concentration 
decomposes the acid : 
3HCIO, — HCIO, + Ch4 
+20,4 -- HO. 


—————— 


Prepared by distilling 
potassium perchlorate 


With conc. H,SO, at| 


10—20 mm. 
and blowing air through 
the distillate to remove 
НСІ and СО,. 
KCIO, +Н,50,= 
KHSO, +НСО,, 


Pressure, 


hydrogen, 


x dE Pt 


The anhydrous acid is а 
fuming, Colourless mo. 
bile liquid ; it boils at 

°С and explodes vio- 
lently above 92°C. It is 
a strong Oxidising agent 
and inflames Organic 
Substances like paper, 
wood etc. It is highly 
hygroscopic and dis. 
solves in water with 
evolution of heat, The 
aqueous soln, has little 
oxidising, power and 
dissolves many metals : 
Zn 42HCIO,—Zn(CIO,), 


+Hat. 


н..ӧ с: 


ни, E EET SEMEN ae 
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Other important properties of the oxyacids of chlorine. 

Hypochlorous acid (НОСЂ : As already stated, hypochlorous acid is a very 
weak acid, with Ka=3-7x10-° at 18°C. It acts both as an oxidising agent and a 
bleaching agent, both these activities being due to the ease with which it produces 
nascent oxygen during the aecomposition, HOCK2HCI4-O. Hence, for the same 
weight of chlorine, it possesses twice the oxidising capacity of free chlorine. It 
liberates iodine from potassium iodide solution and oxidises manganous salts to 
MnO;. The solution of the acid dissolves magnesium metal with the liberation of” 
hydrogen. 

Chlorous acid (НСІО,) : It is already stated that the pure acid cannot be isolated 
in the free state, but its aqueous solution (although not also very stable) can 
be prepared. 

Chloric acid (HCIO,): Chloric acid oxidises HCl and SO; to Cla and HSO, 
respectively: 8НСІО, + 16HC!=6C10: + 9Cl, + 129,0 ; 3504 НОО -ЗЊО 
=3H,SO,+HCI. Organic matters like paper, wool ete, catch fire in contact with 
сопс. HCIO;. 

Perchloric acid (HCIO4) : The aqueous solution of perchloric acid behaves as 
the strongest acid known, with Ка>10*%, and forms a constant-boiling mixture 
(b.p. 203°C) containing 71:6% of the acid. The acid also forms a stable solid 
monohydrate, HCIO,.H:O, which melts at 50°C. In aqueous solution, the acid is 
reduced by sodium hydrosulphite, Мал5,О,, alkaline ferrous hydroxide and- by 
solutions of titannous salts. 


HYPOCHLORITES, CHLORITES, CHLORATES AND PERCHLORATES. 


Hypochlorites : These are the metallic salts of hypochlorous 
acid. Among these, sodium hypochlorite and bleaching powder are 
of much technical importance. Bleaching powder has been discussed 


гіп details in vol. I (chapter XIII) of this book. 


Sodium hypochlorite (NaOCl) is formed when Cl, gas is passed 
into a dilute solution of NaOH in the cold : 2Na0H+Cl,=NaO0Cl 
4+NaCl+H,0. Solutions of sodium hypochlorite аге, however, 
prepared on a manufacturing scale by electrolysing a solution of 
NaCl in the cold in an unpartitioned cell, with platinum anode and 
jron cathode, when the discharged chlorine reacts with NaOH 
solution to form sodium hypochlorite and sodium chloride. 


Pure sodium hypochlorite (free from NaCl) may be prepared by 
neutralising the free HOCI with NaOH solution, Very deliquesecnt 
crystals of NaOCl.6H,O may be isolated by cooling a concentrated 
solution of the substance. 
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Hypochlorites also possess the oxidising and the bleaching 
Properties of hypochlorous acid. Being salts of a very weak acid, 
they are extensively hydrolysed in aqueous Solution and are decom- 
posed even by СО,. Concentrated acids decompose them with the 
liberation of chlorine and oxygen : 4NaOCI--2H,SO, —2Na;SO,4- 
2H;0--O,--2Cl. They liberate iodine from KI solution, oxidise 
manganous salts to hydrated manganese dioxide (MnO,.2H,0), 
chromic salts to chromates and Pb(II) salts to PbO». . Hydrogen 
peroxide is decomposed by them with the liberati 
NaOCl+-H,0,=NaCl+-H,0-++0,. 

Distinction between HOCI and Cl: Free HOCI can be distinguished from Cls 
by their reactions with Metallic mercury. Hypochlorous acid forms brownish 
yellow basic mercuric chloride on shaking with mercury, the product being soluble 
in HCI : Hg--HOCI—Hg(OH)CI, 


› ОП similar treatment with 
mercury, forms mercurous chloride (white) which is insoluble in НСІ: 2Hg+Cls 
=Hg,Ch. 


ion of oxygen : 


Chlorites: These a 
ful oxidising agents, Alkali chlorites, 
(NaClO,.3H,0 ; Textone), are used as an 
cellulose materials, 


Solution, but they 
They liberate. iodine from potassium 
=NaCl+-4KOH +21, 
Chlorates : These are Metallic salt 


а 
sodium chlorate (NaCIO;) and potassiu 
two most important members, It has e. 
is formed, along with chloride, on 
concentrated solution of caustic alk, 


S of chloric acid, of which 
m chlorate (KCIO,) are the 
arlier been Stated that chlorate 


PE Cla gas into ahot and 
alis. 


Sodium chlorate is prepared on а large scale by electrolysing a 
saturated aqueous solution of NaC] at 70°C in an undivided cell 
with iron cathodes and graphite anodes, The electrodes are placed 
closed together inside the cell, so that the Products of electrolysis 
may come in contact with each other, [So 


І ME sodium dichromate 
is added to the electrolytic bath to Prevent reduction of the chlorate 
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by hydrogen.] The chlorine liberated at’ the anode reacts with the 
hydroxyl ions formed at the cathode, and hypochlorite and chloride 
are formed so long the liquid remains alkaline : Cl;-J-OH- —OCI- + 
CI---H;,O. When all the alkali in the bath is exhausted, free hypo- 
chlorous acid is formed, which reacts with hypochlorite ion to 
oxidise it to chlorate ion : CIO--- HOCI—CIO;-4-2Cl---2H*. The 
total reaction may be represented as: 3Cl,4-60H- —CIO;---5Cl-4- 
3H,0. 

After the completion of the electrolysis, the solution of the cell 
is concentrated, when the less soluble NaCl crystallise out. It is 
filtered off and the filtrate, on further evaporation, yields crystals of 
sodium chlorate. 


Sodium chlorate may also be prepared through the double de- 
composition between calcium chlorate and sodium sulphate. 
[Calcium chlorate’ is first obtained by saturating hot milk of lime 
with chlorine (see page 253 of this volume). Calcium chloride in the 
products is removed by concentrating and cooling the mixture, 
when CaCl;.6H;O crystals separate out and аге removed.] Calcium 
chlorate solution is usually mixed with some chloride, and excess of 
Na,SO, solution is added. The precipitated CaSO, is filtered off 
and the filtrate evaporated, when the less soluble NaCl crystallise out 
and is removed. On cooling the filtrate, NaClO, crystals are 
obtained. 

Sodium chlorate forms white crystals. Its properties are similar 
to those of potassium chlorate, described later. It is used as a weed- 
killer and for the preparation of potassium chlorate. 

Potassium chlorate is prepared by mixing concentrated solutions 
of sodium chlorate and potassium chloride, when sparingly soluble 
KCIO; separates out immediately : NaClO;--KCI—KCIO;-- NaCl. 

Potassium chlorate is also obtained by treating a warm solution 
of calcium chlorate with solid potassium chloride, and cooling the 
mixture, when KCIO, crytallises out. 

Potassium chlorate is a white crystalline solid (mp. 370°C), spa- 
ringly soluble in cold water but readily so in hot water. On heating 
above its melting point, the salt decomposes into potassium chloride 


and potassium perchlorate : 4KCIO,—KCI-4-3KCIO, On further 
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heating, oxygen is evolved and KCl is left as residue. But, when 
KCIO, is mixed with MnO, and heated, it decomposes into KCI 
and О, below its melting point : 2KCIO;—2KCl4-30,. Potassium 
chlorate is a strong oxidising agent. When warmed with conc. HCl, 
it produces a mixture of Cl, and ClO, (euchlorine) : 24HCl4-8KCIOs 
=8KCl+12H,049Cl,+6ClO,. On warming with conc. H,SO,, 
potassium chlorate evolves chlorine dioxide, with the formation of 
perchloric acid : 3KCIO; 4-3H,SO,—3KHSO, + HCIO, + 2810, + 
H,O. Itoxidises SO, to sulphuric acid : KCIO +350, +3H,O= 
KCI+3H,SO,. The solid salt forms explosive mixture with charcoal, 
sulphur or phosphorus. 


Potassium chlorate is used in the manufacture of matches, fire- 
works and other explosives. Itis also used fór the preparation of 
oxygen and potassium perchlorate, 

Perchlorates : These are the metall 
Potassium perchlorate (KCIO,), 
magnesium perchlorate [Мас] 
perchloric acid. 


ic salts of pérchloric acid. 
Sodium perchlorate (NaCIO,) and 
O4),] аге the most important salts of 


Potassinm perchlorate is obtained b 
of KCIO, above-its melting point : 
melt is cooled and leached repeatedly 
KCl. The residue is then rec; 


y the thermal decomposition 
4KCIO,—KCIO,4.3KCI. The 
With cold water to remove 
rystallized.from hot water. 

Potassium perchlorate may also be prepared by the double 
decomposition between sodium perchlorate and Potassium chloride 
solutions, when the Sparingly soluble KCIO, separates out. 

Potassium perchlorate is very sp 
less so in alcohol, so that potassi 
cally as КСІО,. It is used in 
other explosives. 

Sodium perchlorate is obtained by the ele 
solution of NaClO, at 10°С, using iron ca 
num anodes. The salt is highly soluble in 


aringly soluble in Water and still 
um is often estimated gravimetri- 
the preparation Of fireworks or 


ctrolysis of a strong, 


thodes and smooth plati- 
water. 


Magnessium perchlorate has been discussed i 


n details in Vo]. I, 
Chapter XIII of this book. 
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BROMINE 

Occurrence: Although bromine is not a very common element, 
itoccurs in nature, mainly as the bromides of alkali metals (Na and 
K), calcium and magnesium, in some abundance. These bromides 
Occur in sea-water in an average quantity of 0:06595. Certain dried 
up lakes in Africa and the U.S.A. (Dead Sea at Tunisia and Utah 
Salt Lake in America) are rich sources of these bromides. Stassfurt 
salt deposits also contain certain percentages of bromides. 5 

Preparation: In the laboratory, bromine is prepared by cau- 
tiously distilling a mixture of potassium bromide and MnO, with 
conc. H,SO,(40%) : 2KBr4-MnO; --3H,80,—2KHS0, 4 MnSO,-- 
Br,+2H,O. The product is purified by distillation over solid KBr 
(to remove traces of Cl,) and then treated with quicklime and 
anhydrous calcium bromide to dry and free it from traces of H,SO, 
and HBr. T 

Bromine is manufactured from bittern or from sea-water. 

(i) From bittern: Bittern is the residual liquid (mother liquor) 
left after the crystallisation of NaCl, КС! (and MgCl.) from Dead 
Sea water and Stassfurt salts. The hot mother-liquor, containing 
MgBr, (and some 
MgCl,) is allowed to 
trickle down a tower, 
provided with perfo- 
rated shelves and 
packed with broken 
pieces of porcelain 
(Fig. 18-8). Within the 
tower, the percolating 
bittern meets with 1 
current of Cl, gas and НИ p<— Steam 
steam which is pumped M 
upwards from the bot- 
tom. Bromine is 
liberated from, the 
bromides by chlorine 
and is swept out of 
the tower by steam Fig. 18:8 


—> Hot mother liquor 


Condenser 
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through an outlet near the top and is condensed through the earthen- 
ware condensers. It is collected as a liquid in the receiver, 


(i) From Sea-water: In the U.S.A., bromine is extracted 
directly from sea-water. For this Purpose, sea-water is acidified 
with H,SO, and treated with chlorine. The liberated bromine is 
vaporised by blowing hot air, and the vapours are absorbed in 
NaOH or Na,CO, solution, when a mixture of bromide and 
bromate of sodium is formed : 3Br2+3Na,CO,—NaBrO,+SNaBr+. 
3CO,1. The mixture of bromide and bromate liberates bromine 
оп acidification : NaBrO;+ SNaBr+-3H,S0,=3Na,S0,43H,0.1 
3Br,. Bromine, thus produced, is purified by distillation, 


Properties: Bromine is a volatile, dark-red, heavy liquid 
(b.p. 59°C). It has a disagreeable smell and is poisonous, (The 


reddish-brown solution 
bromine in water deposits 


-10H, 0, when cooled in a 
freezing mixture. It also dissolyes in 


alcohol, ether, chloroform, carbon disu 
Properties, bromine resembles chlorine 
the latter. It combines wi 


cts obtained in ¢ 
hypobromites, bromates and bromides, 


potassium and many other Metals. It ble 
It adds to the double bond of to form 
dibromo-derivatives : Ort + Br, CH, Br. V 


Uses: Bromine is used for making tear gases 
guishers), ethylene dibromide (for use in petrol as 
infectant and in medicine. It also finds applicati 
ting organic compounds and as an oxidising agent, 


» methyl bromide (fot fire extin- 
ап anti-knock agent), as à dis- 
on in the laboratories for bromina- 
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Tests: Bromine is detected by its red colour and irritating smell. It dissolves 
in chloroform or carbon disulphide to give a reddish brown soln. It turns starch- 
iodide paper blue and a starch soln. yellow. 


COMPOUNDS OF BROMINE 


Hydrogen bromide. 

Preparation: Hydrogen bromide is prepared in the laboratory 
by the dropwise addition of liquid bromine from a dropping funnel 
ona mixture of red phosphorus and water kept in a round- 
bottomed flask. Phosphorus bromides (PBr, and PBr,) are first 
formed, which are immediately hydrolysed by the water present into 
hydrogen bromide and the oxyacids of phosphorus: 

2P--3Br, —2PBr; ; PBr,+-3H,O=3HBr+H,PO,. 

2P-4-5Br; —2PBr; ; PBr;+4H,O=5HBr+HsPQ,. 
The gaseous hydrogen bromide leaves the reaction-vsssel through 
the delivery pipe and then passes through two U-tubes (A) and (B), 


SS BROMINE 
(93) 


Fig. 18:9,—Preparation of HBr in the laboratory 


containing moist red phosphorus and glass beads (to absorb bromine 
vapours) and anhydrous CaBr, (for drying the gas) respectively. 
The dried gas is collected over mercury. An aqueous solution of 
hydrogen bromide (hydrobromic acid) is prepared by passing HBr. 
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gasinto water ina similar manner as described for the preparation 
of НСІ solution. 


Hydrogen bromide cannot be prepared by heating KBr with conc. H;SO, due to 
the fact that the conc. acid oxidises HBr to bromine on heating : KBr+H,SO, 
=KHSO,+HBr ; 2HBr--HiS0,—Brs t +S0O,4 4-2H;0. 

Hydrogen bromide 15 prepared опа large scale by the action of 
bromine on benzene in presence of aluminium or iron powder as 
catalyst: C,H,--Br, — C,H;Br-4-HBr + : 

An aqueous solution of hydrogen bromide _ can be readily 
obtained by passinga stream of SO, into bromine-water (liquid 
bromine covered with about 6 times its volume of water), till the 
whole solution attains a pale yellow colour. The solution is 
distilled and the distillate re-distilled over barium bromide to remove 
traces of H,SO, formed : Brz--2H,0-- SO, —H,SO,---2HBr. 


Properties : Hydrogen bromide is a colourless 
smell. It is heavier than air and highly solubl 
aqueous solution (Hydrobromic acid) forms a 
mixture (b.p. 126°C) containing 47:6% HBr. 
similar to those of hydrochloric acid; but, it is less stable. The 
aqueous solution is quite easily oxidised and decomposed by air 

, in presence of light : AHBr--0,—2H;0 4-2Br,. Itis also oxidised 

à notonly'by manganese but also by conc. 

| HSO, and chlorine. reacts with many 
metals and bases to fo. 


gas with irritating 
e in water. The 
constant boiling 
Its properties are 


dioxide ог permanganates, 
It is a quite Strong acid and 
rm salts (bromides). 
Metal bromides: These are the metalli 
acid and ate prepared by dissolving metal 
aqueous acid, or by the interaction of the 
hydroxides or carbonates of metals, an 
heating the powdered metal in bromine 


c salts of hydrobromic 
S like Zn, Fe etc. in the 
aqueous acid with oxides, 
d also, in Certain cases, by 
vapour, 

Uses: Hydrobromic acid is used for preparin, 


li g bromides, И 5 also used as a 
reagent. KBr is used in medicine, while AgBr is 


used in photography, 
Tests: Hydrobromic acid or a bromide liberat 


chlorine. The evolved bromine may be extracted 
soln. When heated with conc. H;SO,, hydrobromic acid ог а bromide is oxidised 
to form bromine vapours. An aqueous soln. of НВг 9r a bromide forms a light 
Dalen ppt. of AgBr on frestment with АЕО ТАНА а ais Тит 
HNO,, but slowly dissolves in сопс. NNH,OH soln. 


tes bromine by the action of 
in CS, to givea reddish yellow 
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Oxides of bromine. | 

Bromine forms three oxides. These are: (i) bromine monoxide 
(BrO), (ii) bromine dioxide (ВгО,) and (iii) bromine peroxide 
(BrO,). Their best method of preparation, important properties 
and the accepted structures are given in Table 18:6 : 


TaBLE 18:6 


Oxides of Bromine 


—————————————— 


Name and Method of Р 

formula preparation À Propere ek 
Bromine | Obtained in small} It is an unstable com- 
monoxide | amounts by passing | pound which readily О. 

(Вљо) bromine v a p o urs | decomposes into Br, and 5 

over mercuric oxide | О, at room temperature, | Br Br 
heated at 50—60?C : | butisstableas a brown 
HgO+2Brn=HgBra solid at —40°C. Dis- 
+Br,0. solves in water to form .. 
unstable hypobromous 5 
acid : ND 
Br,O+H,O=2HOBr. |:pr: :Ве: 
Bromine | 1+ is formed as а | The oxide is stable | The structure i 
dioxide yellow solid by the | below —40'C and less | similar to dst of 

(BrO;) action of electric dis- | explosive than CiOs. | CIO,. 

charge on a mixture | Decomposes into Bra 
of bromine vapour | and O, above 0*C. 

and oxygen cooled 

with liquid air in a |. 

tube. 

Higher Both are formed as | These are not true per- | Not exactly known. 
oxides of | white crystailine solid | oxides, and they have not x 
bromine | by the action of pure | been fully characterised. 

(Bromine | ozone on pure Br.- | They decompose with 
peroxide). | vapours at 0°C and | explosive violence. 
[BrO; and | low pressures. 

BraOv] 


Å 


Oxyacids of bromine: Two Oxy-acids of bromine are known. 
They are: (i) hypobromous acid (HOBr) and (ii) bromic acid 
(HBr0,). 

The best methods of the preparation of the oxyacids of bromine, 


together with some of their important properties are given in 
Table 18:7: ; 
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TABLE 18:7 


The oxyacids of bromine 


— 
Е aaaaaaaaaauaaauauauaaaŘiaaaaaaaiIiIiIiIiħi 


; Important 
ees ang Method of preparation aeia Structure 


o- | А aqueous soln. (6%) of hypo- | It is an un- | The structure of 
GU Oros acid is prepared by |stable, weak | HOBr is similar to 
НО Br) | shaking freshly precipitated | acid and acts ај that of hypochlo- 

HgO with Br-water, filtering | an oxidisiag | rous acid. 

the mixture and distilling the | and a bleach- 
filtrate at 40°C under vacuum : | ing agent. 
2Hg0-2Br;--H;0— 

HgO.HgBr;--2HOBr. 
Pure HOBr is obtained by dis- 
tilling a mixture of Ag;SO, and 
Br-water : 
2Brs--2H;0 + Ag:SO.=2AgBr 

--H:SO,--2HOBr. 


Bromic A soln. of bromic acid is pre- 


f і Bromic acid is | The structure of 
асі pared by the interaction оѓ! а powerful | HBrO, is similar to 
(HBrO;) barium  bromate and ` dil. oxidising agent.| that of HCIO,. 
H,SQ,, or silver bromate and 
bromine water. The resultant 
precipitate of BaSO, or AgBr 
is filtered off and the filtrate is 
concentrated in a vacuum 
desiccator : 
Ва(ВгО,),--Н,50,= 
BaSO, | --29ВІО, ; . 
SAgBrO,+-3Bre+-3H,0= 
SAgBr-+6HBrO,. 


Ns 


Some other properties of the oxyacids of bromine and their salts 7 
.Hypobromous acid (HOBr): The acid is much weaker than 
hypochlorous acid. Its aqueous solution is rapidly decomposed 
into bromic acid, bromine and oxygen, so that it is often coloured 
yellow : 


5HOBr—HBrO, +-2Br,+.2H,0 : 
4HOBr—2Br;-O;--2H;0. 


The alkali metal salts of hypobromous acid or the alkali hypobromites are known 
in solution only. Their solutions are also very unstable and are converted into: 
bromides and bromates on standing or warming : 3NaOBr—NaBrO,42NaBr. Аз 
already stated, they are formed by the action of bromine on cold, dilute alkali 
solutions. 
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Bromic acid (HBrO;): As already stated, the solution of bromic 
acid acts as a strong oxidising agent and oxidises SO, and H,S 
to sulphuric acid and liberates bromine from HBr : 

2HBrO;+5SO,+4H,O=Br,+ 5Н,50, ; 
8HBrO,+5H,S=4Br,+4H,O+5H,SO, ; 
HBrO,+ 5HBr=3Br,+3H,0. 

Sodium and potassium bromates are obtained as sparingly soluble 
crystals on passing bromine vapour into hot, concentrated solutions 
of the corresponding alkalis : 

3Bre+6KOH=5KBr+KBr0,+3H,0. 
Free Bromous acid (НВгО) is not known. But, alkali bromites are spontaneously 
formed by the decomposition of alkali hypobromite solutions : 2BrO-—BrO;---Br-. 


The resultant bromites are also very unstable and are readily transformed into 
bromates and bromides: ЗВгО-, > 2BrO-;+-Br-. 


IODINE 


Occurrence: Iodine is a comparatively rare element. The chief 
source of iodine is the crude Chile saltpetre or caliche which contains 
0:295 of iodine as sodium iodate. The sea-weed and sponges 
contain small amounts of iodine which they obtain obviously from 
sea-water (containing approximately 0:001% iodine as iodides). 
Thyroxin hormone, an organic compound of iodine, is present in 
the thyroid gland of animals. 


Isolation: Iodineis prepared in the laboratory by a method 
analogous to the preparation of chlorine and bromine, ie. by 
distilling KI or NaI with MnO, and strong H,SO, : 

2KI+MnO,+3H,SO,=2KHSO,+MnSO,+2H;,0+]y. 

The vapours of iodine are condensed ‘in a cooled receiver. On 
a commercial scale, iodine is obtained either from caliche or from 
the burnt ashes (kelp) of sea-weeds. 


(i) Manufacture from caliche: The mother-liquor of Chile 
saltpetre, after the removal of sodium nitrate, contains about 30% 
NalO;. On adding calculated amount of sodium bisulphite to this 
solution, iodine is precipitated. This is filtered, pressed and sublimed 
to get pure iodine : 

2Na2IO;4- 5NaHSO;—1, | -3NaHSO, 4-2Na;SO,-- HO. 


18 
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(ii) Manufacture from kelp: Burnt ashes of sea-weeds (kelp) 
contain about 1% iodine as iodide. The kelp is extracted with hot 
water and the filtered extract is concentrated. Any sulphates, 
chlorides or carbonates of sodium and/or potassium that crystallise 
out are removed and the mother-liquor is mixed with sulphuric acid. 


Fig. 18.10. Preparation of iodine from kelp. 


Some sulphur may be deposited at this stage from the decomposition 
of sulphides. This is allowed to settle down and the decanted clear 


liquid is mixed with MnO, and distilled. Iodine distils over and it 


is collected in a series of crylindrical earthenware receivers called 
aludels. 


The crude iodine, obtained as above, 
tion, preferably after adding potassiu 
iodine can be obtained by steam- 
potassium iodide. 


may be purified by sublima- 
m iodide. Chemically pure 
distilling a solution of iodine in 


Properties: Iodine forms dark brown shining crystals (density— 
4:94) with characteristic odour. It is Volatile and sublimes on 
heating. [Above 700°C, the 1, molecule dissociates: I,=221-] 
Although sparingly soluble in water, iodine readily dissolves in 


many organic solvents, [In carbon disulphide and carbon tetra- 
chloride, iodine gives a violet solution ; 


pam ; in benzene and chloroform, 
the colour of solution is Purple; in alcohol and ether, the colour 
is brown. The difference in colo 


n SN ur in different solvents is due to 
the association of the iodine molecules with the solvent. It also 
dissolves “readily, in. aqueous KY giving a deep brown solution 
containing the complex I5 ions. 


Todine resembles chlorine and bromine in chemical properties, but 
it is somewhat less reactive than the other two halogens. Solid 
iodine catches fire when brought in contact with white phosphorus; 
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forming phosphorus tri-iodide : 2P--31,—2PI,. Metallic potassium 
combines with iodine with explosive violence. Iodine vapours also 
support the combustion of powdered arsenic, antimomy etc. When 
mercury is rubbed with iodine in a mortar, green Нор or yellow 
Hel, are formed, according to the amount of the two elements 
present. Hydrogen and iodine vapours combine partially at high 
temperatures to from hydrogen iodide: H,+I,=2HI. It directly 
unites with the other halogens to form interhalogen compounds like 
ТЕ, [F,, ІСІ, ІСІ», [Br etc. 

Iodine reacts with cold and dilute alkalis to form a mixture 
of iodide and hypoiodite : 2NaOH+1,—Nal-+NaOI+H;0.. [ The 
reaction is reversible. ] With warm alkali solutions, iodine gives 
iodate and iodide : 31,--6NaOH=NalO,+5NalI-+ 3H;O. 

Iodine isa mild oxidising agent. It oxidises sulphurous acid, 
stannous chloride and sodium thiosulphate solutions : 

80.+1,+2H,O=H,SO,+2HI; SnCl,+2HCl+1,=SnCl,+2HI ; 
2Na,S,0,--I;—Na,S,0,4-2Nal. [The last reaction is the basis of 
iodometric analysis. ] When H,S gas is passed through an aqueous 
suspension of iodine, sulphur is precipitated and hydroiodic acid is 
formed in solution: I,+H,S=S{|-+2HI. Unlike other halogens, 
iodine is oxidised by conc. HNO, to iodic acid: 3I,+10HNO,;= 
6HIO,+-10NO+2H,O. With starch solution, iodine forms an intense 
blue colour which is an adsorption-complex of starch and iodine. 

Uses: Iodine is used for the preparation of tincture of iodine. A solution of 
iodine is also used in volumetric analysis (fodimetry). It is also used for the prepa- 
ration of certain drugs, iodoform and some dyes. 


Tests: Iodine gives violet vapours on heating and it dissolves in CS, or ССІ, 
to give a violet soln. It forms a deep blue colour with starch soln. It also forms 
iodoform. crystals on reaction with ethyl alcohol (or acetone) and caustic soda 
soln. Iodoform have characteristic smell. 


COMPOUNDS OF IODINE 
Hydrogen Iodide (HI). i 
Hydrogen iodide is prepared in the laboratory by dropwise 
addition of water on a mixture of red phosphorus and iodine. An 
apparatus similar to that used in the preparation of hydrogen 
bromide (see page 269 of this book) is generally employed. During 
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the reactions, red phosphorus at first combines with iodine to 
produce PIs, which is immediately hydrolysed by water to form 
phosphorous acid and hydrogen iodide: 2P--35—2PI,; РІ,+ 
3H,0—H;PO44-3HI. The hydrogen iodide gas is ‘freed from iodine 
vapours by passing it through a U-tube containing glass-beads 
smeared with moist red phosphorus, dried by passing through P,O; 
ог anhydrous Cal, and then collected by upward displacement of 
air. [As the gas attacks mercury, HI cannot be collected over it.] 
Hydrogen iodide cannot be prepared by distilling an iodide with conc. HSO; 
due to its strong reducing action. Hlreduces H,SO, not only to SO; but also to 
sulphur and even to HyS. The gas can, however, be prepared by heating solid . 
alkali iodide with phosphoric acid : 1 у 
3KI-+H;PO,;=K,PO,+3HI. 

An aqueous solution of hydrogen iodide (hydroiodic acid) may 
be prepared by dissolving the gas in water through an inverted funnel 
(similar to the preparation of hydrochloric acid and hydrobromic 
acid ). A convenient method for obtaining aqueous hydroiodic acid 
is, however, to pass H:S gas through an aqueous suspension of 
iodine, and filtering off the Precipitated sulphur ; L--H,S—2HI--S |. 
DENS 8. А colourless gas with irritating smell, hydrogen 
Wee i moist air and 15 very soluble in water, the aqueous 

) g ighly acidic. With water it forms: a constant boiling 
mixture, having a boiling point of ттер 
less stable, Ones тоет ny о HCI and HBr, but it is 
i ght, and on heating, it dissociates 
into the elements : 2HISH, +1. It is easily oxidised so that a dry 
парада of the Ge with oxygen decomposes on exposure to sunlight 
to liberate iodine: 4HI+0 =2H,0+21,. Even a fresh aqueous 


brown in air due to 
efore, acts as a power- 
d to sulphur dioxide, 
: Phide ; nitric acid, iodic 
acid and hydrogen peroxide are also reduced ; ferric and cupric 
salts are reduced to the ferrous and cuprous salts respectively ; 
dichromate and permanganate are also reduced to the Cr*** 
and Mn** states; chlorine and bromine are reduced to thei 
hydracids; alcohols are reduced to the Corresponding hydro- 
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carbons : H,SO,+2HI=I,+2H,O+SO, ; H3;S0,-- 6HI—3I, + 
4H,0--S ; H,SO,--8HI -4I, 4-4H;0 -- H;S ; 2HNO;+2HI=2H,O+ 
2NO-+1, ; HIO;+SHI=3H,0+1; ; H;O;4-2HI—2H;0 4-T, ; 2FeCl, 
+2HI=2FeCl,+2HCl + I: 2CuSO,+4HI=Cu,I, + 2H,SO,+], ; 
K,Cr,0,+-5H.SO,+ 6HI— Cr,(SO,)3-+-2K HSO,+7H,0+31; 2КМпо, : 
+4H,SO,+ 10HI—2MnS0,--2K HSO,-- ЗЊО- 5. ; Clgs--2HI — 2HCI 
+1; Br--2HI—2HBr--T, ; C,H;OH+2HI—C,H,+H,0+],. 

Uses: Hydroiodic acid is used as a reducing agent in the laboratories. 

Metallodides: These are metallic salts of hydroiodic acid. They are generally 
prepared by the action of the acid on the corresponding metal, or its oxide, hydroxide 
and carbonate. Some insoluble metal iodides are obtained by the addition of a 
solution of Nal, KI or HI to a solution of the metal salt concerned. Direct 
combination of the metal and iodine also produces some metal iodides АП iodides, 
excepting those of Cut, Agt, Hg;**, Hg** and Pb**, are soluble in water. 


Tests: (i) Hydroiodic acid or an iodide, on heating with conc. HiSO,, evolves 
violet vapours of iodine. (ii) Hydroiodic acid or a solution of an iodide liberates 
iodine on shaking with chlorine-water. The liberated iodine dissolves in CS, to 
form a violet soln. (iii) Hydroiodic acid or a solution of an iodide forms a yellow 
curdy ppt. with AgNO; soln. The ppt. is insoluble in HNO; and NH,OH. 

Iodide is estimated gravimetrically;by weighing as AgI, or volumetrically by 
Volhard’s method. | 


Oxides of Iodine. 

Three oxides of iodine are known. These are : 

(i) Iodine dioxide (1,0, ), (ii) Iodine pentoxide (1,0;) and 
(iii) Iodine nona-oxide (I,O;). Of these, the pentoxide is supposed to 
be the true oxide of iodine, while І.О; is regarded as iodyl iodate, 
(11 O)* (170;)– and 5,0, as iodine tri-iodate, (117 )+3 (IVO,°5. 

The method of preparation, important properties and the 
Structure of the oxides are given in Table 18.8 : 

Oxyacids of Iodine: Iodine forms three oxyacids, viz. (i) 
hypoiodous acid (HIO), (ii) iodic acid (HIO;) and (11) periodic acid. 
Three different types of periodic acid are known (along with their 
salts ), and they are designated as (a) para periodic acid (НЛО, or 
HIO,.2H;0), (b) dimesoperiodic acid ( НЉО; ) and (c) meta-periodic 
acid ( HIO, ). None of the periodic acids are true peracids, as 
they do not contain the peroxo-grouping in their molecules. The 
different periodic acids may be looked upon as derived from the 
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TABLE 18.8 


Oxides of Iodine 
—————————————— 


Name and Method of 


3 Properties Structure 
formula preparation 


i heating | A lemon-yellow powder, 
Tode DR COH: insoluble in UE De- M a 1 
1:0.) H,SO, and decom- | composes into I.O; on pe o] Е о] 
posing the resultant | heating : 5 

basic sulphate with 51,0,—410; 4 1. 
water. 


ine Preparéd by heating | It is a white powder, de- 
МЕСНЕ ts pU : Sombonpe,: 2 ONCE 
2HIO; —LO,4-H;O. 205= 21): 2, 15 

«90 "IE the anhydride of iodic 
acid, as it dissolves in 
water to produce the 
acid. It is a strong oxi- 
dising agent and oxidises о 


carbon monoxide to NS ze 
carbon dioxide : 1— 0—1 
5CO--1,0,—1.--5CO.. ~ 


Тод пе Prepared by the | A pale yellow, deliques- 
nona-oxide | action of ozonised | cent powder. Decom- 
(LO) · | oxygen on iodine at | poses by water into ju уо, |" 
40°C. lodic acid and iodine. [ ] [ ЈИ 
On heating, LO, is 
formed. 


hypothetical acid anhydride, IO; by the successive addition of HO 
molecule. 


(i) Hypoiodous acid (HIO) : It is a very'unstable acid, and a dilute 
aqueous solution (pale greenish yellow) of it is tr 
by shaking precipitated HgO and iodine with wate: 
mixture : 2T+2HEO+H\O—Hg0.Hel,+2H10. It is a very weak 


acid and it. readily disproportionates to iodic acid and iodine: 
5SHIO=HIO,+2I,+-2H,0. Its structure is similar to HOCI. 


ansiently obtained 
r and filtering the 


The alkali metal salts of hypoiodous acid (the alkali hypoiodites) 
are obtained by dissolving iodine in cold dilute alkali solutions : 
L-2KOH-KI--KIO--H;O. These salts are known only in 
solution, and have not been isolated in the pure state. They are 
not also very stable in solution, but are easily hydrolysed : 


| 
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KIO--H,O = KOH--HIO. Their solutions have characteristic smell 
and give a blue colour with KI-starch paper in absence of alkali. 
They are less stable than the corresponding hypochlorites and 
hypobromites and as such, are more powerful oxidising agents than 
the latter. 

(8) Yodic acid (HIOj) : This is the most stable oxyacid of 
iodine and is more stable than chloric and bromic acids. The acid 
is best prepared by boiling iodine with excess (about 10 times the 
weight ofI, taken) of concentrated HNO; of sp. gr. 1:5. The 
resultant liquid is evaporated to dryness at 200°C to remove HNO. 
Yodic acid is simultaneously dehydrated to iodine pentoxide, which 


"is then dissolved in minimum quantity of warm water. On cooling 


the solution, white crystals of iodic acid separate : 
3I,-- 10HNO,=6HIO,+10NO+2H,0. 

Iodic acid can also be obtained by heating salts of iodic acid. 
(such as sodium iodate, baritim iodate etc.) with dilute sulphuric 
acid, or by evaporating chloric acid withiodine, or by oxidising 
iodine by means of chlorine in aqueous solution. [Hydrochloric 
acid produced simultaneously in the last reaction is removed by 
adding silver oxide.] 

NalO,+-H,SO,=NaHSO,+HIO; ; 2HCIO;-- I; —2HIO;4- Cl; ; 
1,4+-5Cl.+ 6H,0 —2HIO;-- 10HCI. 

Properties : The colourless, lustrous crystals of iodic acid have 
bitter taste. When heated, the crystals partially melt at 110°C to 
form a product poorer in water (or the lower hydrate, as it may be 
called), commonly known as anhydroiodic acid [HI;Q, or (1:05), 
H,O]; On heating to 195°C, all the water is lost and iodine 
pentoxide remains as a white powder : : 

6HIO,—(1,0,)H,O--2H:0 4. ; (О) О —31,0;--H;O 1 - 

JFodic'acid is a strong oxidising agent. Powdered charcoal, 
phosphorus, sulphur or organic matter catch fire when heated with 
the solid acid. Aqueous solution of the acid oxidises sulphur 
dioxide, hydrogen sulphide and hydroiodic acid : 

2HIO,+-5SO,+-4H,O=5H,SO,+1, { ; 
2HIO;4- 5H,S—5S | +6H,O+1, | ; 
HIO;4-5HI—3H,04-31;. 
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The aqueous solution of the acid dissolves metals like Zn, Mg, Fe, 
Al etc. to form the corresponding metal iodates, 
(which partially reduces the iodates to iodides). 
first turned red and then bleached by a solution of HIOs. 
Although HIO, is a monobasic acid, it forms bi-salts as KIOs. 


HIO; ; КІО,. 2HIO, etc. The structure of iodic is. similar to that of 
of chloric acid. j 


liberating hydrogen 
Litmus paper is 


sence of a small amount of nitric 


acid: 2KCIO,+1,=2K10,+Cl, 4. 
[This is due to the fact that the mori electropositive iodine has a greater affinity 
than chlorine for oxygen.] 


Todates are good oxidising agents, They decompose on heating into iodide and 
oxygen (or into iodine, oxygen and the oxide of the metal) Barium iodate, however, 
forms barium periodate, iodine and oxygen on heating : 


KIO,—2KT4-30, А S 2Ca(10;),—2Ca0 4-21, 14-5014 ; 
5Ba(IO;), — Ba 


A mixture of iodate and i 


» potassium bi-iodate (KIO, 
employed as a standard for acidi 


Periodic acids: The best-known of the periodic acids is para- 
periodic acid, H;OL, which may be looked upon as the 5-hydrate, 
1,0;.5H,0. It is prepared by reacting the silver Salt of the meso- 
periodic acid, Ag;IO;, with chlorine, and crystallising the filtrate : 
4A&IO;-F6Ch--10H,0 —4H, TO, + I2ABCI--30,. А better method 
involves the reaction between barium paraperiodate and concen- 
trated HNO; and crystallisation after Temoval of precipitated 
barium nitrate. f 

The acid is prepared on a large scale by the electrolysis Of iodic acid at a low 
temperature in a porous cell (placed ina vessel of dil. H,SO,) with lead peroxide 
anode and platinum cathode. Deliquescent crystals of the acid are obtained from 
the anodic solution after the electrolysis, 


Paraperiodic acid forms colourless monoclinic crystals, melting 
at 140°C with decomposition into jodic acid, water and oxygen 
(plus some ozone) : 2410, =2Н10, +4Н,0+0,, At 80°C under 
vacuum, this acid loses water to form the 2-hydrate or the dimeso- 
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periodic acid (I,0;.2H,O or H4I;O;) and at 100°C, the 1-hydrate or 
the metaperiodic acid (I,0,.H,O or HIO,) results : 
2H,IO,—3H;0 4- HiIsO; 


2810,+60. 
Metaperiodic acid sublimes on further heating at 110°C. 

Paraperiodic acid is highly soluble in water and acts as a strong 
monobasic acid. [It also behaves sometimes as a weak dibasic 
acid.] The aqueous solution slowly decomposes with the liberation 
of ozonised oxygen. $ 

All the periodic acids are strong oxidising agents (more power- 
ful than iodic acid). In nitric acid solution, they oxidise manga- 
nous salts to permanganates and liberate iodine om neutral or 
acidic solutions of potassium iodide. 

Periodates or the salts of periodic acids can be obtained by direct or indirect 
methods. Like the parent acids, the salts are also strong oxidising agents and аге 
Often used as such. Periodates derived from allthe periodic acids are known ; 
in addition, salts of unknown periodic acids like НЛО, (mesoperiodic acid) have 
also been isolated. But, the commonest of all these salts are the paraperiodates and 
the metaperiodates. 

Disodium paraperiodate (Ма ТО) is prepared by passing chlorine gas into a 
boiling solution of iodine in NaOH solution. Sodium iodate, which is formed at the 
first stage, is subsequently oxidised to the periodate. Sparingly soluble crystals of the 
salt separate out from the hot liquid : 

Мато, + 3NaOH + Cl,=Na,H,IO, + 2NaCl. 

When AgNO; solution is added to an aqueous suspension of Ма НО at 100°C, 
black insoluble silver mesoperiodate (AgsIOs) is formed : Na;H;IO, +-ЗАВМО = 
Аво; у +2NaNO,;+HNO,-+-H,0. 

Potassium metaperiodate (KIO,) is generally citis us colourless, sparingly 
soluble crystals by the anodic oxidation of potassium iodate in caustic potash 
solution. d 

The following structures have been proposed for paraperiodic 
acid and metaperiodic acid. 


On +7, 79 On? 
H5 roe H Pa SS 


#5106 H104 
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Electropositive iodine and its compounds: We have already 
pointed out that, coming towards the lower end of the halogen 
series, iodine possesses considerable electropositive character. As 
a result, this halogen forms many compounds (simple or complex), 
in which it is supposed to exist as I* or I*?. 


(1) Evidence for I+; Molten ICI conducts electricity, and on 
electrolysis, only iodine is liberated at the cathode, while both 
iodine’ and chlorine are set free at the anode. It is presumed that 
ІСІ ionises as, 2ICI = I*--ICl,- in this case. Molten ICN behaves 

' similarly during electrolysis. Further, as an electrophilic iodinating 
agent, ІСІ attacks acetanilide at sites having excess electron, to 
produce 4-iodoacetanilide. Hence, iodine in IC] must be the positive 
counterpart. 

Hypoiodous acid is amphoteric, behaving both as an extremely 
weak acid and an extremely weak base. The dissociation of the 
compound in these cases is supposed to be: HIO = H*-LIO- and 
HIOZSI*--OH-. In the latter case, iodine in HIO behaves as a 
univalent positive element. 

j When a solution of iodine in an inert solvent is passed through 
a column of cationic ion-exchange resin, some iodine is retained 


on the resin: Ht Resin+I,—>I+ Resin+HI. This provides another 
proof of the existence of It, 


A number of comparative] 


, numb y stable compounds of mono- 
positive iodine can,be obtained t 


hrough co-ordination with neutral 

. molecules like pyridine. Complexes of the composition I(py)NO;, 
Kpy)NOs, Y(py)ClO, Kpy) acetate and I(py) benzoate are known. 
[A solution of Круј МО; in chloroform liberates iodine at the 
cathode on electrolysis. ] 


(2) Evidence of I** : 


Electrolysis of ICl;in the molten state liberates Cl, and I, at 
both the electrodes. This indicates ionization of the compound as, 
2ICl, = ICL--ICh^. Compounds of tripositiye iodine like iodyl 
sulphate, (IO),SO, iodine nitrate, I(NO;),, iodine phosphate, ІРО; 
and iodine acetate, І (СВАСОО), have also been Prepared. When 
iodine acetate is electrolysed with Ag-electrodes, one equivalent of 
Agl is formed at the cathode for every 3 Faradays of electricity 
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passed. This observation shows. that the compound ionises as, 
I (СН,СОО), = 1**+ 3(CH,COO)-. 


Interhalogen compounds. 

Due to their comparable electronegativities, the different halogen 
elements combine with one another to form interhalogen compounds- 
which are mostly covalent in nature because of thesmall electro- 
negativity difference between the component elements. Their 
melting and boiling points increase as the difference in electro- 
negativity increases, indicating the increase in ionic character. 

All the interhalogen compounds are prepared by direct combina- 
tion of the elements, or by the action of a halogen on a lower 
interhalogen, The formation of the products depends upon the 
condition of the reactions. Not more than two different halogens 
occurin a molecule of an interhalogen. These compounds can be 
classified into four types, viz. (i) Diatomic (AB), (ii) Tetratomic 
(ABs) (iii) Hexatomic (AB) and (iv) Octatomic (AB;). In all 

. the cases, the element А is the less electronegative element with larger 
atomic volume. 

Interhalogen compounds of the types AB and AB,/are formed 
by the halogens whose electronegativity difference is not too great. 
AB, and AB, types of the compounds are formed by the larger 
atoms like Brand I with the smaller atoms like F. Some physical 
properties of these compounds are given in Table 18.9 : 


TABLE 18.9. 


Interhalogen Compounds 
AB type AB; type АВ, type | AB; type 


CIF,: Colourless fum- | BrFs : Colour- | IF; : Colour- 


CIF : Colourless gas. С 
ing liquid, b.p. 13°C. | less liquid, Б.р. | less gas, so- 


BrF : Reddish brown 


unstable gas. ВгЕ, : Colourless fum- | 41°С. lidifies at 
BrCl: Extremely un- ing liquid, b.p.127°C. | IFs : Colourless | 4°C. 
stable. ІСІ, : Lemonyellow | soli d, m.p. 
ICI : Stable red crystals, crystals ; dissociates 9°C, b.p.97*C. 
m.p. 27:2°С. on heating : 


IBr : Black crystals. ICl=I1C!4 El. 


The interhalogen compounds are more reactive than the: halo- 
gens (except F, of course) due to the fact that A — B bond is weaker 
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that А-А or B—B bonds in thehalogens. The reactions of the 
interhalogen compounds are similar to those of the halogens. They 
„аге hydrolysed by water to form halide and oxyhalide ions, the latter 
being formed from the larger halogen atom present in the molecule : 


BrF; —3F--4-BrO;--H*. 

Iodine monochloride is the best-known compound of the AB 
type. It.is formed by the action of Cl, on iodine. With excess 
СІ, iodine trichloride is formed. Both ICI and ІСІз are hydrolysed 
by water: SICl+3H,O=2I,+HIO,+5HCI ; 2ICI; 4-3H;,0 —ICI4- 
HIO;4-5HCI. This ICI can undergo futher hydrolysis as shown 
before. With alkalis, they give iodides and iodates : 3ICI--6KOH 
—3KCI4-2KI 4- KIO; 4-3H;O0 ; 3ICI; c I2KOH—9KCI-E-KI-4-2KIO,-- 
6H,0. These reactions occur due to the disproportionation of 
I* into I? and I*5 and that of 133 into I- and I*5, 

Iodine monochloride is used for the 
of fats and oils. 


HO 


estimation of ‘iodine number’ 
It is also used to iodinate organic compounds. | 
The structures of AB type interhal 
AB; type are trigonal bipyramid (зр? hybridisation) with two 
apices of the triangular base occupied by two lone-pairs of electrons 
(i-e. T-shaped) ; the AB; type compounds are either octahedral (sp*d? 
hybridisation) with one apex of the oétahedron Occupied by a lone- 
pair of electrons (or it 


may be Square-pyramidal) ; the AB, type 
of the compounds have pentagonal bipyramidal structure. 


ogens are linear ; those of 


Е F F 
| F F F F 
У Cl 
or SSS) 
Е Е 
T F 
El 
Е Е 


AB;type compounds ABs -type АВ;-/уре 


Polyhalides: It is а known fact that solutio 
iodide or sodium iodide readily dissolves iodine to g 
solution. In a similar manner, solutions of a] 


kali bromides are 
capable of dissolving a considerable amount of bromine and even 


DS of potassium 
ive a deep brown 
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iodine. It has been shown that the above solutions contains com- 
plex anions, consisting of three or more halogen atoms, viz. I5, Brz, 
BrI; etc., and their formation may be represented as : 
1-+1=15; Br-+Bre=Br; ; Br-+I,=Brl;. 
Similar polyhalide ions, containing three different halogens (e.g., 
IBrF-, IBrCI-) may be formed by the reaction between a metal 
halide and an interhalogen. The Br; ion is much less stable than 15 
ion, and compounds containing Clg ions are even more unstable. 
No compounds containing Fg ions are known. [This is probably 
due to the non-availability of d-orbitals for fluorine, which precludes 


its expansion of octet.] 

Many solid crystalline polyhalides and mixed polyhalides are 
known. They are typically ionic compounds, and can be prepared 
by the direct union of halogens (or interhalogens) with metal halides : 
KI+Cl,=KICI, ; KICI;4- Cl; — KICI,;. Polyhalides, generally tend to: 
decompose on heating : 


heat heat 
CsI, —>CsI+I, ; RbICI,—-— — RbCI--ICI. 


But, the polyhalides of the type MICI, are the most stable com- 
pounds (even the free acid HICI, is known). 

Structures of the tri-halide ions of the type 15, ICls, IBrF- are: 
linear. The structures of pentahalide ions like 105, BrF; are square- 
planar. 


Pseudo halogens or Halogenoids. 

А pseudohalogen or. halogenoid is a molecule consisting of more than two electro- 
negative elements which, in the free state, possesses properties comparable to those of 
the elemental halogens, and in the form of anions possesses properties comparable 
to those of the halide ions. The pseudohalogen anions combine with hydrogen to 
form an acid and with silver to form a salt insoluble in water. The well-known 
pseudo-halogens are cyanogen, (CN): ; thiocyanogen, (SCN):, selenocyanogen, 

* (SeCN), etc. Some of them have been discussed in Chapter XV of this book. The 
following are the similarities between pseudo-halogens and halogens : (i) Pseudo- 
halogens are volatile substances consisting of symmetrical combination of two 
pseudo-halide radicals, X—X; (ii) They combine with various metals to form salts 
containing X- anions: (iii) The silver, mercurous and lead salts of them are 
insoluble in water; (iv) The hydracid HX is known ; (v) They form covalent com- 
pounds analogous to covalent halides; (vi) X- ions are oxidised to Xa by suitable 
oxidants ; (vii) THe pseudo-halide ions form metallic complexes like the halide ions. 
and (viii) Their ions form complexes with themselves and also with the halogens. 


CHAPTER XIX 
` THE TRANSITION ELEMENTS 


What are the transition elements ? 


The transition elements are characterized. by atoms (or ions) in 
which the d-level of the penultimate shell is occupied, but not filled 
to capacity. They are also known as the ‘d’-block elements, as the 
atoms of these elements receive their last electrons, (also known as 
the differentiating electrons ; see vol. І, p. 112) in the d-level. 

Why are they so called ? 

In the long form of the periodic table (Table 2.2, Vol. I, p. 110). 
these *d'-block elements are placed in between the ‘s’-block and the 
*p'-block elements. Because of their position in between the 
‘g-and *p'-block elements, they exhibit properties intermediate 
between those of the highly reactive and electropositive *s'-block 
elements of Gr. IA and Gr. IIA, exhibiting strongly ionic character, 
and the *p'-block elements which mostly form covalent compounds. 

pect onic configurations : The general electronic configuration 
of the atoms of the transition elements in their valence-shell may be 


written as ns*(n— 1)21-9, where the 
: > presence i 
ns-level is not always adhered to. ПН eero ia the 


shell configuration of 325451 


uitiplicity (see Vol. I, pp. 96-100). 


111), four transition series 
table, corresponding to the 


As pointed out previously (Vol. I, p. 
occur among the elements of the periodic 
gradual filling up of the 34, 4d, 5d and 6d levels, Co H 
the complete filling up of these ‘d’-levels и ur ponding to 
tion series comprises of ten elements, The fourth а ; сасћ transi- 
contains the radioactive and rather бави а ele sition series 
valence-shell electronic configurations are Е ELA vcr 
They are excluded from the present discu Ssion. "The fo ien b 
contains the first three transition series, THe See e tab J 
the valence-shell electronic configuration of ihe Но ers an 
first transition series are also included. members jof athe 


“ELI-IIT “dd род 225. “JH PUL BY usoAjeq IND90 еупошоје ујео әле Uss}INOJ оу, + 

"001-66 “dd “I ‘од 295 'suorye1n8guoo jensnun Jayyes 2529) JO uoneue[dXo 104 «' 

а =–______"_"о— 
; * 


. 3H ny 14 I 50 A A vL JH wq 
Amo: | роо шпоцеја штириј wunruso што мајзипј, | uwm[ejuep | шщен |umnuequeT, ‘dn pally Зшод st 
TA -PS YL. “Sort 
08 6L 8L LL 9L SL vL £L TL LS -35 uonisuel) pig 
РО 3y Pd WW ny 9L OW ом 12, А 
штпшрео| IoA[IS wnipeyeg | Umrpouw | unmeujny | wnyluyoaL unuapqA]oJN| штдом | UnIuoomz wn} A ‘dn роу 3uteq st 
јолој -Pp YL sou 
8h Ly 9t Sy [72 Ep [42 Iv Or 6€ -әѕ uonisuexj рис 
LJ 
iSp PE 1SporPE iSpsPE sS. PE sSpsPE sSpsPE 1SPsPE iSpiPE 1SpiPE Shi PE 
uz no IN 00 əd чи 120 A IL 25 
212, 220409 јехом 32902 мо osoueSuvjA | шпішоцэ | штреџшед unruejrp umrpue»gs . ‘dn ројју Зотод st 
PAPE IYL “salt 
oe 6c 8c LT 9c Sc vc ET (44 Ic -əs uonisueH 4ST 
Пе 


TEA ALNA 


VIA 
1'61 19У, 


288 CHEMISTRY 


Why are the Gr. IB and the Gr. IIB elements often included in the 
family of the transition elements ? 

It can be seen from the above table that, each transition series 
begins with a Gr. III A element and, conceptually, ends with the last 
member of the Gr. VIII triads. Thus, according to the concept of the 
Presence of incompletely filled d-orbitals, the Gr. IB elements (Cu, Ag 
and Au), the Gr. II B elements (Zn, Cd and Hg) and even palladium 


(with 4d'? 55° configuration) should not be considered as fruc 
transition elements. However, in a few of thei 
States, some of these metals possess inco. 
(e.g. Cu*? has a d*-and Pd*? has a qe 
exhibit many characteristic properti: 
The Gr. I B elements (Zn, 


T common oxidation 
mpletely filled d-orbitals 


-configuration in 
nd hence, exhibit 
mbers. However, 
nsition metal ions 
catalytic activity etc., and 
f the transition series, It 


Cteristics of the transition 
e members of the Gr. II B elements. 


The transition metals Vary widely i 


А п their extent е 
in the earth’s crust, ztent of occurrenc 


ores. Zirconium, which is as abu + у 
ЕЕ ан аѕ chromium, is such an 
entire world rests mostly on certain 
chromium, iron, nickel, 
tungsten. : 


General properties of the transition elements, 


The transition elements form a well-knit 
common properties. In the atoms of the tra 
last electrons are gradually added to the d- 
shell, keeping - the configuration in the ошетт 


Series, having several 
nsition elements, the 
level of the penultimate 
ost Shell constant (more 
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or less). Hence, it is quite expected that those physical and 
chemical properties of the transition elements, which primarily 
depend on the outermost electronic configuration, will be similar, 
The magnitude of variation of those properties among the individual 
members of a transition series (especially among the adjacent 
members) should be much less marked than what is found among the 
representative elements of a particular period. The common proper- 
ties possessed by all the transition elements are mentioned below : 

1. АП the transition elements are metals, hard, strong, high 
melting and high boiling. 

2. They form alloys with many other metals and among 
themselves. 

3.. They are good conductors of heat and electricity. 

4. Most of them are sufficiently electropositive or “active” to 
dissolve in mineral acids. But, a few have low electrode-potentials 
and are not affected by ordinary acids. Such noble metals are 
Cu, Ag, Au (Gr.IB) and Pd and Pt (Gr. VIII), They are attacked 
only by the strongly oxidising acids (e.g. HNO,, aqua regia). 

5. Most of them exhibit variable valence and their ions are 
coloured in majority of the oxidation states in which they occur. 

6. Because of the presence of unpaired electrons in the 
incomplete d-orbitals, they form at least one or two *paramagnetic 
compounds. 


Most of the special characteristics of the transition elements are 
due to the presence of d-electrons, 


In transition elements, the d-orbitals project out to the periphery 
of the atoms or ions. Аѕа result, the electrons residing in these 
d-orbitals are strongly perturbed or affected by the immediate 
environment in which the atoms or jons are present. In their turn, 
these d-electrons also exert their influence on their surroundings. 
Hence, a number of characteristic properties of the transition 
metal atoms or ions аге very much dependent on the exact number 
and the actual arrangement of the electrons. Most of the special 
properties of the transition eléments, therefore, сап be attributed 
to the presence of d-clectrons in the penultimate shell. 


* See under the heading ‘magnetic properties’ on pages 294-295, 
19 
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We shall now Proceed to discuss the more important properties 
of the transition elements under specific headings. In this discussion, 
we will confine ourselves to the discussion on the first transition series 
and mention about some members of the second and third transition 
Series only, when it is really necessary and truly relevant. 

As pointed out before, the members of the first transition series 
are similar to each other in several ways. The following table 
contains some of their important characteristics 

TABLE 19.2 


HLA|IVAÍ VA [УГА УДА 


IBjHB 
Properties 


SUMI E220 2388240 | 25. | иеа 28 | 29 | 30 
SER CEA а s aae | Fes | "со Јаке | m 8S, 


| 
Electronic configura- 3d 4s? |3d24s* 34545 |35451 54s? 2 2 s 
GER Whine SDN 3d'4s! | 3d*4s?/3de4s 3d74s? 3d*4s* |3d 1045! |aq104s! 
outermost levels). 


——————  — —.| 


Atomic radius (А) | 144 | 1.32 1228 | lea A пе МЕ 1.15 [1.17 | 1.25 
ES SENS RE We ae КА. 
Ionization energy 

(Keals) 


Ist 151 | 158 | 155 


380 | 361 | 373] 393| 419 468 | 414 
5d | 571) 64 | 685 | уд 777 | 707 | 772| ви | зао 915 
———_— i — |__| —__ = 
Tonic radii à and Lee 
electronic configura- 3d?) | (заз 
fon! M | 099 | Gs | C89] Gan | сва) | can | aay Ga) | (зан) 


—3dv Ga) baa 1076. 0.72 | 0.74 
М» | 0.81] 0.76 | 074 | G2) | 839 | Gary} Gan | | | 


Reduction potential ot erem rne o Meo 
(volts) 
Миа ем = |—16|—1.21—0.91 =1.18/— 0.44| —0.28| —0.25 4-0.34_0.76 
Мезе М 24 |—1.20 |—0.85|—0.74|—0.28 =0.04 004 — | _ |. 
Par ta rele ee Me 
M.P. (°С) 1522 | 1677 | 1917 | 1903 | 1244 IS: ras ay Plea рая 
Е И РАНА И. 
ВР, (C) 3277 | 3377 | 2627 | 2067 | 2877 
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Atomic and ionic radii: From the data given in Table 19.2, it is 
clear that the atomic radii of the members of the first transition 
series gradually decrease with the increase in atomic number. The 
reason is obvious. Theelectrons are gradually added to an inner 
level (За, without creating new outer levels) and the increased 
nuclear positive charge pulls the electrons inward, resulting ina 
contraction of volume. A similar trend is also observed in the case 
of the M+? and М+° ions of the transition elements due to the same 


reason. 

Ionization energies and electronegativities: А slow but gradual 
decrease in atomic volume and increase in nuclear charge should 
lead toa parallel increase in the ionization energies. The general 
trend in the case of Ist, 2nd and 3rd ionization energies follows this 
pattern with some exceptions thrown in-between. In most cases, 
the values are between those of s-and p-block elements. This 
is an indication of the fact that, the transition elements are generally 
less electropositive than the Gr. IA and IIA elements, but are more 
basic than the elements of the Groups III B onwards. It also 
indicates that transition metals have a fair tendency to form ionic 
compounds which are less ionic than those of Gr.IA or ПА 
metals. In addition, due to their rather small ionic radius and 
comparatively large ionic charge (especially in their higher oxidation 
states), they will be able to form covalent compounds as predicted 
by Fajan's rules of ionic distortion. This tendency is reflected in 


the follo wing electronegativity data : 


TABLE 19.3 
ee —————— 
Element Ii У | сг {Ма | Ее | Co | Ni | са Zn 
| 


Electronegativity in 
the most stable 
oxidn. state | 


ДЕ ees ои ву ЛИ ја ава ele Te qr Lon uotis EE 
Reactivity : Since the transition metals have low. atomic volumes 
and fairly high ionization energies and have the tendency to form 
covalent bonding, they have high values of the heat of sublimation. 
"Thus, considerably large amount of energy is necessary to take them 


1.5 1.6 | 1.6 1.5 | 18 | 1.8 118 | 19 | 1.6 


Ty 
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to the vapour state. High sublimation energies and large ionization 
energies re-inforce each other to make the transition metals rather 
unreactive in comparison to the metals of the representative 
elements. This tendency is well-marked in copper and attains its 
highest peak in palladium, gold and platinum. 

The rather low reactivity of most of these metals with hydrogen 
ion (H*) is indicated in the magnitude of the reduction potentials 
given in Table 19:2. The --ve sign of the reduction potential in 
the case of copper indicates that it does not react with H*. 

Melting and boiling points: The melting and boiling points of 
the transition metals are much higher than the representative 
elements. Most of them have melting points above 1000°C. The 
presence of incompletely filled d-orbitals and the resultant tendency 
to form strong covalent bonding among the atoms of a transition 
metal are responsible for their high melting and boiling points. 

Oxidation states : The transition metals exhibit quite а large 
PRODR of oxidation States, which are closely linked to their 
CU Mec UM ар er Omen, ши 

ties, along with their electronic 


configurations, are given in the table 19 
nfigu de a e 
oxidation states are given in bold types. б. 


As the difference in energy between t 


small (and within t i 
( within he range of the energy involved in chemical 

bond formation), electrons from Опе or both of these orbital. be 
utilised for bonding. This is the i pe ee 

lised | 5. reason for the existence of variable 
oxidation states in transition metals in contrast to the rather fixed 
oxidation states observed in the case of the representative elements 

Certain generalisations can be made from the data pi in table 
19:4. These are: cpi 

() The minimum oxidation state of a transition element is 
generally equal to the number of ns-electrons in that atom. Thus, 
--2is the minimum oxidation state for Tj y Mn, Fe Co, Ni and 

* у Ў 

Zn, all of which have 2 electrons in the ns-level, The other 
transition elements have zs! configuration and hence, Cr, Cu (29 
also Au, Ag) possess minimum oxidation state of 4-1. itf 

(ii) The maximum oxidation state for each of the transition 
elements of Grs. IIIA to VIIA, is equal to the group number and i9 


he (n— 1)d and ns-orbitals is 
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numerically equal to the total number of (т — 1)d and ns-electrons in 
that atom. However, most of the elements in Gr. VIII shows a 
maximum oxidation state of +6, with ruthenium and osmium 
exhibiting a maximum oxidation state of +8. 


TABLE 19:4 


LLL————————————————————— 


Transition Oxidation states with electronic configurations 
elements and 
their atomic m 


numbers зао | за: | за: | заг | 3d: | 345 | зае | 3d? | за» за Зао 


Scandium 
Sc—21 3+ 
smt ааа 


Vanadium | 
тоаш 5 | 4+ |(8+)| 2+ 


Chromium 
Cr—24 6+ | S+] 44) 3r | 2+ | 1+ 


Mange TE бн 44+ | 3+ | 2+ 


| 

Tron | 
Fe—26 64- 4+ | 3+ 2+ | 
|| 


Cobalt 
C027 3+ | 2+ 


Nickel ds 4+ 


2+ 
Ni—28 3y 


Сарро Sapp Е 


Zinc 
Zn—30 EAE 


(iii) The number of oxidation states displayed by a transition 
metal gradually increases from left to right in each transition series, 
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becomes maximum at the middle (ie. at d*s?-configuration) and 
then again decreases towards the end of the series. Thus, in the 
first transition series, manganese has the largest number of oxidation 
states (from--7 to--2), while zinc has only one oxidation state 
of+2. This is why manganese is sometimes referred to as the most 
versatile element in the periodic table. 


Stability of the different oxidation states: The relative stabilities 
of the different oxdiation states of the first row transition metals 
(and also those of the 2nd and 3rd transition Series) may partially be 
attributed to the extra stability of the 3d° (unfilled d-level), 345 (half- 
filled) and 322 (full-filled d-level) configurations. Thus, Ti** (d°) is 
more stable than Tit? (2), and Mn*? (05) is much more stable than 

Ми? (d*). However, such generalisation can notbe made in the 
cases of all the members of this series and iti: 


5 very little applicable 
in the case of the 2nd and 3rd transition series 


of elements, 

St transition series are strong 
exist as oxy-anions. Thus, 
ll very strong oxidisin 

i À g agents. 
Co*? and Ni** (and to some extent Ni*9) are'also strong oxidising 
ates of +2 and +3 are of real 
Ow transition elements. It 
icular Sub-group, the stability of 
eases and that of the lower 


It may also be pointed out here that, 
a particular compound of a trans 
increase in the positive oxidation state, following Fajan's rules of 
ionic distortion, Thus, Бес], is more covalent than FeCl, Similarly. 
the acidity is also increased with the increase in Роне oxidation 
state, e.g. Ғе? compounds are more acidic than Fe*? compounds. 


the covalent character of 


ition metal increases with the 


Magnetic properties: A substance which is attracted 
called paramagnetic, and this paramagnetism is q 
unpaired electrons in the atom, molecule or ion of t 


nto a magnetic field is 


ue to the presence of one or more 
hat substance, 


A diamagnetic substance is repelled by a magnetic fi 
the presence of completely filled up electronic levels. 
diamagnetism to some extent at least. 


eld andis a characteristic of 
All forms of matter exhibits 
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The magnetic moment is expressed in units of Bohr Magnetons (B. M.), which 

is defined by, B. M=; eh , where h is the Planck’s constant, e is the electronic 
т тс. 

charge, т is the electronic mass and c is the velocity of light. The effective magnetic 


moment (^s; у.) of a substance containing 77 unpaired electrons (and no other 
contribution towards its magnetic property) is given by шоуу = A/n(14-2) B.M. Hence, 
theeffective magnetic moment varies with the number of unpaired electrons in it. 
The magnetic moments due to 1, 2, 3, 4 and 5 electrons (calculated with the help of 
the above relation) are 1.73, 2.84, 3.57, 4.90 and 5.92 B.M. respectively. 

From the data included in Table 19:4, itis clear that in majority 
of the oxidation states, the ions of the transition metals are 
paramagnetic in nature due to the presence of variable numbers 
of unpaired electrons. Thus, all ions with d* and d? configurations 
(e.g. Tits, V+4, Cr*5, Mn*$, Cut?) will have uay~1.73 B.M. 

Colour: Majority of the known transition metal compounds 
are coloured in the solid state or in solution, It has been established 
thatthese colours are due to the presence of incompletely filled 
d-orbitals in the ions of the transition metals. The transition metal 
ions, having completely vacant d-orbitals (as in Sc*?) and completely 

filled d-orbitals (as in Сит, Ав+!), are colourless. Most of the 
compounds of the representative elements of the s- and p-blocks are 
colourless due to the same reason. 


Catalytic properties: Majority of the transition metals and 
many of their compounds exhibit remarkable catalytic properties. 
Platinum, iron, iron oxides, vanadium pentoxide, nickel, molyb- 
denum metal and oxides, oxides of chromium etc. are some familiar 
examples. Platinum metal and V;O; are good catalysts for the 
manufacture of SO,;from SOs. Iron, coupled with Mo and Cr, 
acts as a’catalyst in the combination of nitrogen and hydrogen to 
ammonia by-the Haber's process, and nickel (also platinum) is used 
as the catalyst in the hydrogenation processes. 

The catalytic properties of the transition elements probably arise on account 
of their capacity to give rise to various oxidation states and also of their capacity 
to form rather unstable intermediates, which decompose readily to form the pro- 
duct and regenerate the original catalyst. 

Tendency towards complex formation: The transition metals 
in their various positive oxidation states, have great tendency to 
form complex ions or molecules with ligands, which are anions 
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or neutral molecules having one or more lone-pairs of electrons. 


This tendency of the transition metal ions towards complex forma- 
tion may be attributed to the following reasons : 


(а) The transition metal cations are relatively small in size 
and hence, possess considerable positive charge-density. This makes 


them suitable acceptor-centres, capable of accepting the lone-pairs 
from the ligands or donors. 


(5) The transition metal ions have vacant (n— 1) d-orbitals 


Which possess the right amount of energy to accept and accommo- 
date the lone-pairs from the donors. 


The ligand-metal bonds in transition metal complexes are of the co. 
lent type, in which both the bonding electrons are supplied by the d 
of the very small energy difference between the (n—1)d, ns- 
undergo different types of hybridisations, leading to the formation of two, three, four, 
five and six energetically equivalent hybrid orbitals directed in definite directions in 
Space and suitable for accommodating one, two, three, four, five or six lone-pairs 
respectively. Hence, transition metal complexes exhibit co-ordination numbers of 
two (linear), three (angular), 


^ four (tetrahedral and Square planar), five (trigonal 
bipyramidal or square Pyramidal) and six (octahedral), Џ 


Some important com 
transition series), 

Oxides : 
of the Ist ro 
and МО,. 


-ordinate cova- 
onor. Because 
and np-orbitals, they can 


pounds of the transition metals (of the 1st 


M;0,, MO;, МОБ 
rmula Mn;O;. 


c i } l valent state are basic and 
the oxides, in which the metal is in high oxidation State, are acidic. 


to produce aquo-cations of the 
general formula [M(H,0),]"*. 


The oxides of the formula MO, differ widely in their chemical 
properties. Thus, TiO, and MnO, are insoluble in water and dilute 
acids, while VO, easily dissolves in dilute acids. MnO, is acidic 
in character and produce manganate (MnO,2- ion, green) on fusion 
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with an alkali peroxide or NaOH and KNOs, which is converted 
into pink permanganate by the addition of acids (H*). 

Oxides ofthe type M,O, are generally insoluble in acids but 
dissolve in them, as sulphates, after fusion with KHSO,. 

СгОз and Mn;0; are highly acidic and dissolve in water forming 
acidic solutions and generating dichromate (СО) and per- 
manganate (MnO;) ions. 

Halides: The  halides of the transition metals can be 
conveniently obtained by the following methods : 

(a) By the direct reaction between the metal and the halogen. 
тп this method the halides of the higher oxidation states of the 
metals are obtained: 2Fe4-3Cl,—FeCls 

(b) By heating a mixture of the metal oxide and carbon in an 
atmosphere (gr current) of the halogen : 

TiO, +C+2Cl,=TiCl,+ CO». 

(c) By the reaction of the halogen hydracids (HF, HCl etc.) on 
metals or their basic and amphoteric oxides or carbonates. In this 
method the halides of lower oxidation states are obtained : 

FeO+2HCI=FeCl,+-H,0. 

In a series of metals halides of the type MX; (say, МЕ» МС, 
MBr, and МІ,), the ionic character of the M—X bond decreases as 
we go from fluorine to iodine. Thus, CuF, is an ionic solid but 
CuCl, and CuBr, are covalent solids, the former consisting of infinite 
chains of copper and chlorine atoms (see Vol. I, p. 415). T 

The halides hydrolyse in water, the ease of hydrolysis increasing 
with the increase in the oxidation state of the metal. Thus, FeCl, 
is much more hydrolysed in aqueous solution than FeCl. 

This is due to the increase in the Lewis-acid character of the 
transition metal ion in the higher positive oxidation states. 

Hydrides: Most of the transition metals form hydrides of the 
interstitial type (see Vol. I, p. 336-338). Generally, they adsorb 
hydrogen. In some cases, hydrogen is adsorbed at the surface at 
first, and then the hydrogen molecules dissociate into atoms and 
diffuse into the bulk of the metal to occupy interstitial positions. 
This is why many of them have variable compositions. 

The nature of the M-H bond cannot be clearly defined and it 
probably represents an intermediate stage between ionic and covalent. 
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Sulphides: The sulphides of transition metals can be 
conveniently prepared by (i) the direct reaction of the metal and 
sulphur at elevated temperatures; (ii) by passing H,S gas (or, by 
adding an aqueous solution ofa soluble ionic ' sulphide like Na;S) 
through a solution containing the metal ion at a suitable pH. Cu 
and other sulphides of thelow valent states may be prepared by 
reacting higher sulphides (like CuS) with elemental sulphur. 

The transition metal sulphides are generally black or intensely 
coloured. They are insoluble in water and are polymeric in nature- 
The heat of formation of the sulphides are less than those of the corres- 
ponding oxides and hence, they are less stable than the oxides. 

Carbides, borides and nitrides: At elevated temperatures, most 
of the transition metals react with the non-metals carbon, boron 
and nitrogen, forming the corresponding carbides, , borides and 
nitrides. In most ofthese compounds, the small non- 
occupy interstitial positions in the metal-lat 
are interstitial compounds, 


metal atoms: 
tices and hence, these 


INDIVIDUAL MEMBERS OF THE 
FIRST TRANSITION SERIES. 

Now, we will briefly discuss the 

members of the first transition Series. As the transition series starts 

from Gr. ША, such a discussion should begin from scandium. 

But, scandium is a rare element, finds very little practical use and is 

unfamiliar to us. For these reasons, we will leave scandium out- 
and begin our discussion from the Gr. IVA Member, titanium 


TITANIUM (Gr. IVA) 


Occurrence: Titanium js fairl 
А у abundant а В e 
earth’s crust to the tune of 6x 10-19; nd occurs in th 


: However, the titanium- 
content of most of its minerals are too small to E commercially 
useful. The important ores from Which ti 


А aS OT tanium is extracted are 
the oxide ores, rutile (TiO,) and ilmenite (FeTiO,). 


chemistry of the individual 


Extraction of titanium. 


By the Kroll process: Rutile or illmenite cannot be reduced to 
titanium by the carbon reduction Process, as titanium (being а 
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transition metal) forms carbide on heating with carbon, and nitride 
when heated іп air. So, rutile or illmenite is converted to ТІСІ, 
at the first step by heating any one of them with carbon in a current 
of chlorine at 900°C : 


TiO; + C + 2Ch Crich со 
TiCl, being a volatile liquid boiling at 136°C, is vaporised and 
collected as a liquid in cooled vessels. It is then purified by 
fractional distillation. 

Reduction of TiC], : The ТІСІ, vapour is then allowed to react 
with excess of powdered magnesium metal in areduction furnace, 
maintained around 800°C, in an atmosphere of argon. ТІСІ; is- 
reduced to metallic titanium and MgCl; is formed : 

TiCl,--2Mg- Ti--2MgCl,. 
Excess magnesium metal and MgCl, are distilled off in vacuum. 
Metallic titanium remaining in the reduction vessel is freed from: 
residual Mg and MgCl, by leaching with dilute НСІ. Metallic 
sodium may also be used in place of magnesium when the reaction, 
TiCl,--4Na—Ti--4NaCl, takes place. 

Titanium metal obtained by the Kroll process (named after the 
discoverer) is not very pure. 

Purification of titanium metal by the de- 
hot-wire process: Titanium obtained by the Kroll process is heated 
with iodine at about 200°C, when solid Til, is formed. This titanium 
tetraiodide vapour is then allowed to enter an evacuated quartz 
bulb with a tungsten filament placed at its centre and electrically 
heated to ~1400°C. The Til, vapour decomposes to the metal in 
contact with the hot filament and the metal is deposited on the’ 
filament, which grows thicker. Titanium metal is chipped off from 
the filament. This method produces titanium of very high purity. 

Properties: Titanium is a hard, refractory metal with a density 
of 4.1, melting at 1668°C and boiling at 3260°C. Tt is a very strong 


metal with mechanical properties comparable to steel. Its technical 


importance is due to its lightness, mechanical strength and corrosion 
resistance. It is resistant to atmospheric corrosion because of the 
formation of a protective layer of oxide or nitride on its surface. 


It is a good conductor of heat and electricity. 


Boer Van Arkel or the 
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At low temperatures, titanium is unreactive towards acids and 
alkalis due to the formation of a protective layer of oxide. At 
higher temperatures, it becomes much more reactive and reacts with 
boron, carbon, nitrogen, oxygen, the halogens. The boride, carbide 
-and nitride are interestitial compounds, but are generally represented 
as TiB, TiC and TiN. Hot concentrated HCl and HNO, slowly 
dissolve the metal. The metal also dissolves in HF. 


Uses: Titanium is used for hardening steel. It is used in the 
fabrication of jet engines, air-crafts, turbine engines and under-water 
equipments, 

Electronic configuration: As already pointed out in the general 


-discussion about the transition metals, titanium has the outermost 
electronic configuration of 3d*4s?. The two ns-el 


up, while the two d-electrons are unpaired single electrons, 
Oxidation states: Like all other transition metals, titanium 

exhibits variable oxidation states (see table 19.4) of 4-2, +3 and +4, 

corresponding to the removal of the two ns-electrons, two ns and 


one d-electron and twons and two d-electrons respectively. Of 
these three oxidation States, the -+4 state with d^-configuration, is 
the most stable. 


ectrons are paired 


Some important Compounds of titanium. 

Compounds of quadrivalent titanium, Ti (Л V): 

Titanium dioxide, TiO, : It occurs in nature as rutile and is an 
important ore from which titanium is extracted. It can be obtained 
by boiling an aqueous solution of a titanium (IV) compound like 
ТІСІ, : TiCl,+2H,0=Ti0, | +4HC]. This Precipitate is strongly 
heated to get pure and dry TiO, It is a white lustrous powder, 
insoluble in water and acids. It is amphoteric in character. On 

nt extraction With water, it goes 


into solution as titanates ; TiO.-E2Na0H.—NajTiO, i. 0. It goes 
into solution as titanium sulphate on fusi у 


on with KHSO, and sub- 
sequent extraction with 4-6 (N) H,SO,. 

When mixed with carbon and heated in а current of chlorine, it 
forms ПС. quU A : 

It is used as a white pigment in cosmetics 


: (like toilet soap. 
foundation lotions etc.) and also as a paint. As a 


n outdoor paint, it 
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cred and has a good covering and coherent film-forming: 

Titanium tetrachloride (ТЕО): 1t is generally obtained by 
heating a mixture of TiO, and carbon in a stream of Cl, gas: 
TiO, +C+2Cl,=TiCl,+COz +. 

It is a colourless fuming liquid which boils at 136°C. It is quickly 
hydrolysed by water: in two steps. When water is present in small 
amounts, ТІОСІ, is produced : TiCl,+-HyO=TiOCl+-2HCl. In the 
presence of excess water, TiO, is precipitated : TiCl, J-2H;O — TiO; |. 
--AHCI. ТІСІ, dissolves in concentrated HCl, forming halo-complexes 
of the type [TiCl,]? and [Ti(HsO)Cl;]. Because of the presence of 
the empty d-orbitals, ТІСІ, (and other halides) behaves as a strong 
Lewis acid towards oxygen donors like ethers, alcohols, esters etc. 
and forms adducts of the type К.О. ТІСІ, and (8,0). ПС. 

Titanium tetrabromide and tetraiodide (TiBr, and Til): These 
can be conveniently prepared by heating the elements above 200°C 
in argon atmosphere. Both of these are crystalline solids with 
properties similar to ПС. 

Titanium sulphate, Ti(SO,).: It can be prepared by fusing ПО, 
with KHSO, and extracting the melt with 6N H,SO,. On dilution 
with water Ti(SO;)s is converted into TiOSO, first, and then to TiO,. 

Soluble titanium compounds can be reduced to the +3 state by 
zinc and dil HCl, zinc-amalgam (Jone’s reductor) and cadmium- 
amalgam (cadmium reductor). It can be reduced to Ti^? by 
electrolytic reduction. 

Titanium (III) Compounds: Titanium (III) is a d’-system, as it: 
has lost three of its four valence-electrons. 

Ti,O,: It can be obtained by reducing TiO, with hydrogen at 
000°C : 2TiO,+-H,=Ti,O3+H,O. It is quite stable and is not 
attacked by HCl or H,SO,. It is attacked by concentrated HNO;. 

Titanium trichloride, ТІСІ, (anhydrous): This is obtained by 
passing a mixture of TiCl, vapour and hydrogen through a tube 
heated to 650—700°C : 2TiCl,+H,=TiCl;+-2HCl. Anhydrous TiCl; 
is a violet powder which is easily oxidised to the --4 state. When 
dissolved in oxygen-free water, TiCl, (and most of the other soluble 
Tit? compounds) forms a. blue-violet solution containing the 


hydrated titanium (IIT) ion, [Ti(H,O),]**. 


ve 
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Titanium (III) hydroxide Ti(OH),: This can be obtained by 
treating a solution of a Ti(III) compound with a hydroxide, like 
NH,OH : TiCl,+3NH,OH=Ti(OH),} +3NH,Cl. On heating in 
an inert atmosphere, it is converted into Ti,O3. Other titamium (III) 
salts can be obtained by dissolving ТОН), in the appropriate 
Acids, 

Titanium (III) compounds are strong reducing agents because of 
their tendency to go to the Ti(IV) state, Ti(III) reduces Fe*? to 
Fet? : Ti (SO;)«-- Fe(SO;),—2Ti(SO;),-I-2FeSO,. 


In general, titanium (III) compounds are more basic, and more 
іопіс but less stable than the Corresponding titanium (IV) 
. compounds. 

Titanium (II) Compounds : 
ithe loss of the two 4s-electron 
unstable. 


Titanium (П) Oxide, TiO: It is prepared by the reduction of 
the higher oxides with titanium metal. Itisa non-stoichiometric 
«compound with a titanium : oxygen ratio around 0:75, Tt has a great 
tendency to change into TiO, and hence, acts as à strong reducing 
Agent. It is a basic oxide, Strongly ionic in nature. 

Other titanium (II) compounds : 
can be obtained by the electrolytic 
Ti (III) or Ti (IV) compound in 
manner ТіСІ,, TiSO 


This +2 oxidation State arises due to 
Sand is strongly reducing and highly 


Other titanium (Пу 'compounds 
reduction of the Corresponding 


aqueous acidic solutions, In this 
а etc. can be obtained, 


TiCl, is an ionic Solid, strongly reducin 

cheating, it disproportionates to Ti (IV) and те 
2TiCl,— TiCI, 4- Ti, 

Complex compounds of titanium : In the +4 State, titanium forms 

„complexes mainly with oxygen and nitrogen donors, [n many cases, 

titanium is present as the titanyl (TiO*?) ion. Examples of com- 


‘plexes of ТИТУ) are K,TiF, and K;TiO(C,0), potassium 
hexafluoro titanate and potassium titanyl oxalate, 


8 in character, On 


Titanium (III), a d'-system, forms quite a number of complexes 
with oxygen, nitrogen and halogen donors. Tt forms both cationic 
(e.g. [Ti(H5O)s]Cl;) and anionic (e.g. K,TiF,) complexes, 
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VANADIUM (Gr. VA). 

Occurrence: Vanadium occurs widely in nature. Its extent of 
occurrence in the earth's crust is 2x 10-2% and hence, it is a fairly 
abundant element. It occurs in many minerals but, like titanium, 
very few minerals contain enough vanadium to make the extraction 
commercially utilisable. 

The more important ores of vanadium are the sulphide ore 
partonite (mainly V.S5), carnotite [K(UO;)VO,. 3/2H;O], and 
vanadinite [Pb;(VO,)3Cl]. Of these three, carnotite is primarlly an 
ore of uranium, but vanadium is also extracted from it. 


Extraction: The extraction of pure vanadium metal from its 
ore is a difficult process because of its reactivity towards oxygen, 
nitrogen and carbon at the high*temperatures generally used for 
~ the-reduction prócesses. Pure vanadium is generally obtained from 
УСІ, or. УСІ, Љу: using excess Of Na or Mg, through a process 
analogous «to; the Kroll process (employed for the extraction of 
titanium from TiCl,) : “2VCls-+6Na=2V-+6NaCl ; VCl,+2Mg=V-+ 
2MBClp. Pure vanadim 1$ also obtained from V,O;. In this process, 
УО; is heated with excess of caleium metal in a magnesite crucible, 
a small amount of iodine being added to the mixture. The function 
of iodine is to react with calcium, forming calcium iodide, and this 
reaction, being strongly exothermic, produces high temperature at 
which the reduction of V,O, by calcium takes place: V;O;-4-5Ca— 
2V+5Ca0. 

Purification: Very pure vanadium can be obtained by the de- 
Boer-Van Arkel process described before in the case of titanium. 

Properties: The pure metal is steel grey in colour and melts at 
~1700°C. Presence of small amount of carbon markedly raises the 
m.p. It resembles titanium in being hard and corrosion resistant. 
It is a strong metal having good mechanical properties and is a 


good conductor of heat and electricity. 

At room temperature, the metal is not attacked by air, moisture 
(or water), non-oxidising acid (except HF) and alkalis. However, 
it dissolvs in concenrated sulphuric acid, nitric acid and aqua regia. 
At elevated temperatures, it combines with non-metals like boron, 
carbon, nitrogen etc., forming boride, carbide and nitride respec- 
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tively, all of which are interstitial compounds. In these reactions, it 
closely resembles titanium. On heating in air or oxygen, it produces 
V,0; containing some lower oxides as impurities. When heated in à 
current of fluorine, it forms VF;, but with chlorine it produces VC!e 
under similar conditions. 

Uses: The principal uses of vanadium are in alloy steels and cast 
iron making to improve ductility, sliock-resistance and corrosion 
resistance. Instead of pure vanadium metal, ferrovanadium, an alloy 
ofironand vanadium (containing 30-45% V) is generally used. In 
steel industry, it acts as a scavenger of oxygen and nitrogen and 
improves the mechanical properties of steel. 

Manufacture of ferro-vanadium : Sodium vanadate, obtained by 
fusing vanadium ore with Na,CO, and NaNO,, is extracted witht 
boiling water and the solution is treated with excess NH,Cl- 
Ammonium metavanadate (NH,VO,) is precipitated as an orange 
solid. This is heated to produce brown V$0; : 


heat 

2NH,VO, —V,0;--2NH,--H,O. 
This V,O, is then mixed with iron oxide, carbon, 
and heated in an electric furnance fitted with carbon 

ferro-vanadium is produced. 

Electronic configuration : 
valence-shell electronic confi 
which the two 4s-electrons ar 
are in the unpaired condition. 


Oxidation states : Like titanium (and all other transition metals), 
vanadium exhibits several oxidation states. The oxidation states of 
+2, +3, +4 and +5 corresponds to the removal (or involvement 
in bonding) of two 45, two 4s and one 3d, two 4s and two 3 
and two 4s and three 3d-electrons (see Table 19.4), In the +2) 
+3 and +4 oxidation states, vanadium compounds are сојопгед 
and paramagnetic, because of the presence of three, two and on? 
unpaired electrons, while in the +5 oxidation state, they ar? 
colourless and diamagnetic. When a colourless acidic solution of ® 
V*5—compound is treated with zinc dust, the colour first becomes 
blue, then green and finally violet due to the stepwise reductio? 
of Ү+5 into V*^, V*? and V*®. 


a little Ппогѕраг 
electrodes, whe™ 


As already given in table 19.2, the 
guration of vanadium is 303 45°, 12 
е paired up, while the three d-electron® 
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Some important compounds of vanadium. 

Compounds of vanadium (V): This is the highest oxidation state 
of vanadium. 

Vanadium pentoxide and Vanadates: Vanadium pentoxide, V,O, 
may be obtained by burning powdered vanadium metal in excess 
oxygen: 4V-.-50,—2V,O, Commercially, it is prepared by heating 
ammonium metavanadate : 2NH,VO;— V;O; 12NH;4-H;O. 

VO; is a brownish-orange powder melting around 650°C, It is 
very slightly soluble in water forming a pale yellow acidic solution, 
Itis predominantly an acidic oxide and reacts with alkalies to pro- 
duce vanadates : 2NaOH--V,O;—2NaVO;4-H,O. However, it 
dissolves in non-oxidising acids to produce oxovanadium (IV) 
compounds: У,0; + 6HCI—2VOCI,J-Cl,--3H;O. It is a strong 
oxidising agent which oxidises chloride to chlorine. 

On heating with SO, it produces VO,, and with hydrogen it 
yields V,O3. \ 

Uses : In various oxidation reactions У;0; is used as a catalyst. 
The most important of these is its use in the conversion of SO, to 
SO, by the contact process. Itis widely used as an oxidising agent 
in organic chemistry for the oxidation of alcohols and many other 
compounds. 

Halides and oxyhalides : 

Vanadium pentafluoride, VF; : Only fluorine form the pentaha- 
lide, VF;, when vanadium metal is strongly heated with fluorine : 
2V--5F,—2F;. 

Vanadium oxytrichloride (VOCI,): It is best obtained by tri- 
turating УО; with anhydrous AICI, in a dry atmosphere and dis- 
tilling off the VOCI; formed in vacuum. 

Vanadium oxytrifluoride (VOF,) : It is prepared by the action of 
HF on VOCI; : VOCI;--3HF—VOF,--3HCI. 

These oxyhalides are covalent compounds, fuming strongly in 
moist air and is very rapidly hydrolysed by water, VOCI; being 
hydrolysed more quickly : VOCI,;+-2H,O=HVO,-+-3HCI. 

Compounds of Vanadium (IV). This is the stablest state of 
vanadium. The +5 state, in spite of its stable d^ configuration is 
not so stable because of its strong oxidising character. ‘Of the large 


20 
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number of compounds of vanadium (IV) we will disscuss only the 
most important ones like, VO;, VX, and VOX, (X=halogens). In 
the +4 state vanadium acts a moderate oxidising agent. 

Vanadium dioxide VO, : This may be obtained by reducing VsOs 
by oxalic acid or SO. It is a crystalline solid, amphoteric in charac- 
ter and reacts with non-oxidising acid to produce vanadyl com- 
pounds : VO,+2HCI=VOCI,+H,0 ; VO.-+H,SO,—VOSO,--H,0- 

With alkalis it forms vanadites : VOr-+2NaOH=Na,VO,-+-H,0- 

Vanadium tetrachloride, VCl,: It can be obtained by passing 
dry chlorine over powdered vanadium metal or, ferrovanadium 
heated ina dry atmosphere in a quartz tube. The vapour of ҮС, 
condenses in the cooled receiver asa deep brown liquid boiling at 
154°C, ‘ 

Itis thermally unstable and decomposes to VCl, and Cl, on 
prolonged heating above its boiling point, 
and is rapidly hydrolysed to oxovanadium (T 
chloride : VCl4-H,O—VOCI,--2HCI. 

Oxo-vanadium (IV) chloride or vanadyl chloride, VOCI, : 

As mentioned above, it may be obtained by the hydrolysis of 
Mon or by heating Уо, with НСІ (see under V,O,. Pure МОС 
conpoun ssn citi Sra Pale de The pu 

à substance, extremely hygroscopic. 

Oxovanadium (IV) sulphate or vanadyl sulphate, VOSO, : 


This is best obtained by heating a Suspension of V,O, in dilute 
H,SO, to which ethyl alcohol is added from time to aie. V,0; is 
reduced to the VO* state and forms adeep blue solution " This 
solution: oR evaporation, yields beautiful blue crystals of VOSO«- 
5Н,0. On heating with concentrated gp co it ig converted into 
greyish-green anhydrous VOSO,. , nverte 


Compounds of vanadium (III) : 


It fumes in moist air 
V) chloride or vanadyl 


states of +5 or +4. 

Vanadium (Ш) oxide, У,О, : v.o 
of V,O, by heating with hydrogen at 
2H,— V,O;-2H;0. It is a basic oxide 


3 is Obtained by the reductio# 
high temperatures : У,О +" 
and produces the hexaaquo-* 


THE TRANSITION ELEMENTS 307 


vanadium (IID ion, [V(H20),]**, on reaction with dilute non- 
Oxidising acids. 

Vanadium trichloride, VCl,: This is best obtained by heating 
УО; with sulphur monochloride (S.Cl,) at about 180°C. The 
product is extracted repeatedly with carbon disulphide to remove 
precipitated sulphur and excess of S.C]. 

Tt is also obtained by reducing УСІ, with hydrogen : 

2VCl,+H, = 2VCl4-2HCI. 
Anhydrous .VCl, is obtained as a violet-pink crystalline solid, 
extremely hygroscopic in nature. It is easily hydrolysed by water. 

Vanadium (III) sulphate, V,(SO,);: It is best obtained by the 
electrolytic reduction of УО; in sulphuric acid, until a green 
solution is produced. On concentration and subsequent cooling, 
this solution yields shining green needle shaped crystals of V.(SO,)3. 
H,SO,12H,O. On heating at about 180°C this compound eliminates 

- water and SO; and produces V,(SO,), as а yellow powder. 

Both УСІ, and V,(SO;); are powerful reducing agents. 

Compounds of Vanadium (II): Only a few compounds of 
Vanadium (II) are stable. All compounds of V*? are very strong 
reducing agents due to their tendency to get oxidised to the +4 and 
+5 states. 

Vanadium (II) oxide, VO: It may be obtained by heating V,O; 
with vanadium metal at high temperatures and low pressures : 
V,0;+V=3VO. It is a strong reducing agent. 

Vanadium (II) chloride, VCl,: When УСІ, vapour mixed with 
hydrogen, is passed through a red-hot quartz tube, V** is reduced 
to V** by hydrogen : 

VCl4-H, = VCl;4-2HCI. 

УСІ, is а bright green crystalline Solid, soluble in water forming 
a violet solution. The V*? (vanadous) ion is a very strong reducing 
agent and reduces water to hydrogen gas. Thus, the violet solution 
of vanadous chloride evolves hydrogen and gradually turns green 
due to the formation of [V(H,O),]*? ion. 

Vanadium (II) sulphate, VSO,7H,O: This is prepared by the 
electrolytic reduction of a sulphuric acid solution of УО; through 
which SO,-gas is constantly bubbled. The solution is electrolysed 
until the colour changes to uniform violet. 
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It is fairly soluble in water and crystallises as red-violet 
monoclinic crystals of the formula VSO,7H,O. This salt is 
isomorphous with FeSO,.7H,O and forms double salts of the 
general formula VSO,.M,SO,.6H,O (M=NH,*, ма“, K^) which are 
isomorphous with Mohr salt, FeSO,.(NH,),SO,.7H,O. These double 
salts are the stablest water soluble compounds of V??, 

Complex compounds. 


Complexes of Vanadium (V):  Vanadium (V) halides and 
oxyhalides react with ammonium and alkali metal halides, to form 
halo-complexes : 

VF,+NaF = Na [ҮЕ]; 

VOF,+3NaF = Ма, [VOF,]. 
Other complexes with oxygen donors and mixed oxygen-nitrogen 
donors are also well known. 

Complexes of Vanadium (IV): Vanadium tetrachloride, VCla . 
forms complexes of the general type VClL, and VCI,AA, where, 
L is a monodentate oxygen or nitrogen donor and АА is а 
neutral bidentate donor molecule. These complexes are extremely 
susceptible to hydrolysis and form the corresponding oxovanadium 
(IV) species on contact with water: VCLL;--H,0— МОС 
2HCI. VOCI, and other oxovanadium (IV) compounds form large 
number of complexes with oxygen and nitrogen donors. 


j T nae of Vanadium (Ш) : Vanadium (III) complexes аге 
ratier unstable in general. Anionic complexes of the type ГУ(СМ): T" 
and [V(C,0,)s]°- are well known. e type [V(CN)s 


CHROMIUM 


Chromium occurs to the extent of 0.037% of the earth’s crust 
and hence, is a fairly abundant element. It occurs in concentrate 
deposits in the form of oxide ores. The only ore of chromium: 
from which chromium is profitably extracted, is the chromite OF 
chrome-iron ore, FeO.Cr,O, or FeCr,O,. It also occurs in nature 25 
chrome ore (СтгОз) and is also found as the lead chromate crocoisites 
PbCrO, The countries where chromite ore is found in large 
quantities are, Turkey, South Africa and India, 


Extraction of chromium: The following methods are used [07 
the extraction of chromium. 
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(1) Reduction of chromite by carbon: Manufacture of 
ferrochrome. Powdered chromite оге is mixed with carbon plus a 
flux of lime and fiuorspar and smelted in an electric furnace: 
FeO.Cr,03-+-4C—2Cr+Fe+4CO 4. The product obtained is called 
ferrochrome and generally contain ~ 75 chromium and ~ 4% 
carbon. Like ferrovanadium (see under vanadium), ferrochrome is 
widely used as the source of chromium in the manufacturing of 
special alloy steels. 

(2) Aluminothermic reduction of chromite ore: At the first 
step chromite is converted into dry Cr;O; in the following manner : 
The finely powdered chromite is intimately mixed with excess of 
Na,CO, and a little CaO and roasted in a reverberatory furnace in 
presence of air, when Сг.Оз is oxidised and converted into the 
water soluble sodium chromate : 

4FeO,Cr,03+8Na,CO3 +70, Na,CrO,+ Fe,03+8CO, У: 
The resultant mass is then treated with water and filtered. This 
concentrated solution contained all the Na;CrO,. This solution is 
then treated with calculated quantity of H,SO, to convert sodium 
chromate to sodium dichromate : 

2Na,CrO,+H,SO,—>Na,Cr,0, + Na,SO,+H,0, 

Itis now concentrated to the crystallisation point when the less 
soluble Na,SO,.10H,O crystallises out leaving Na,Cr,O, in solution*, 
This solution is further concentrated until crystals of Na,Cr,0, 
are obtained. This Na,CrsO; can now be converted to Cr,O, in 
two ways: (i) On heating with carbon, Na,Cr,O, is reduced to 
sodium chromite:  Na;Cr;O;4-3C— Na,CrO,4-3CO 1. Sodium 
chromite, on treatment with water yields the precipitate of CrO, : 
Na,CrO,-H,0—CrO,-F2NaOH. (ii) By heating Na,Cr,0, 
with NH,CI when, the ammonium dichromate formed in the first 
step is further decomposed into СО, : Na,Cr,0,+-2NH,Cl = 
(NH4)&Cr;O; +2NaCi ; (NH,);Cr;0; > Cr.0;-+N,+4H,0. 

This Cr;O; is dried, mixed with aluminium powder (in СО; : Al 
=3: 1 parts by weight) and packed in a refractory crucible which is 

*This solution, after proper concentration and treatment with requisite quantities 
of KCl, yield crystalline precipitate of potassium dichromate, K.Cr:O, as this is 
much less soluble than Na,Cr,0;. (NH4):Cr.O; can also be prepared by replacing 
KCl by NH,CI. 


310 CHEMISTRY 
kept embedded in sand to minimise heat loss by conduction. А 
charge of BaO, and magnesium powder is placed into the CrsO,-Al 
mixture, which is ignited from outside by means of a magnesium 
ribbon. The reaction is first started by the heat generated by the 
burning of Mg-BaO, mixture, and once started, the tremendous heat 
evolved in the reduction of CrO; by Al takes the reduction to 
completion : CrjO,.-2AI—2Cr--ALO, (AH=—112 Keal.), and 
this melts chromium (m.p.—1875*C), which collects at the bottom of 
the crucible. It is protected from oxidation by the layer of alumina 
floating above, and is taken out from а tap-hole at the bottom of 
the crucible. The meta! obtained by this process is of ~ 92% 
purity. In many countries this process is replaced by one in which 
chromite is reduced by silicon instead of aluminium, This process 
is more economical and yields purer chromium. 

Apart from being the chief source of chromium metal, chromite 


is used for manufacturing refractory bricks of highest quality used 
for metallurgical Purposes, 


(obtained from Cr,O,) is 
and a lead anode. Pure 


Purity, 
i Physical properties : Chromium isa bluish-white 
metal, which melts at 1875'C. Pure Chromium is rather soft, 


malleable and ductile, But, as it is almost invariably contaminated 
with carbon, it generally appears very hard. It takes a very high 
polish. 


Chemical properties : 


Action of air (O,) and Water: Except on heating in air OF 
oxygen, chromium does not Teact with air under ordinary 
conditions. On heating with air Or ox 


it forms CrO; : 4Cr--30,—2Cr,0,. 
It decomposes steam at red heat, but do 

under ordinary conditions : 
2Cr4- 3H,O=Cr,0,+3H, A, 


es not react with wate? 


- 
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Action of acids: At room temperature, chromium is slowly 
attacked by dilute HCl and H,SO,, leading to the formation of blue- 
violet solutions of chromous [chromium (II)] salts : 

Cr+H,SO, = CrSO,4-H, + ; 

Cr+2HCl = CrCl--H; 4. 
These blue chromous saltsare extremely susceptible to oxidation 
by the oxygen of air and spontaneously change into the green 
chromic (11) salts : 

4CrSO,+2H,SO,+ O; —2Crs(SO,); 4-2H;O. 
But hot, concentrated H,SO, attacks chromium vigorously, forming 
chromic sulphate and liberating SO» : 
2Cr--6H,SO, = Cry(SO,4)3-+6H2O+ 380, + . 

Dilute nitric acid has practically no action on chromium which 
becomes passive in concentrated nitric acid. This passivity arises 
out of the formation of a layer of insoluble oxide of chromium (III) 
on the surface of the metal. 

Action of alkalis: The metal does not react with alkalis under 
ordinary conditions. It is not attacked by fused alkali in absence 
of air or any oxidising agent like a peroxide. 

Action of halogens: On heating ina current of F or Cl, (in 
absence of oxygen) chromium forms CrF, and CrCl. 

Uses of chromium : The major and most important use of chro- 
mium is in the production of special alloy steels. Requisite quan- 
tity of chromium is added to molten steel in the form of ferrochro- 
mium, described before. The special steel, containing nickel (~ 10%) 
and chromium (~ 20%), is known as the stainless steel. This steel 
is highly resistant towards acids and many other chemicals. 

Another very important use of chromium is in plating metals 
for the prevention of corrosion. For this purpose, chromium is 
electrolytically deposited in an uniform layer on the surface of the 
article. Alloys of nickel and chromium containing ~ 20% 
chromium are used as resistance-type heating elements for heaters, 
electric furnaces etc. Oné such alloy is nichrome (№ – 60%, 
Cr—15% and Fe—25%). 

Electronic configuration and oxidation states: Coming after 
vanadium (valence-shell configuration 3d°4s*), chromium has rather 

unexpected valence-shell electronic configuration of 3d*4s', the 


б 
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reason for which is already discussed (see vol. I, p. 99-100). From 
this valence-shell configuration, it appears that it may have any 
oxidation state from +1 to +6, corresponding to the participation 
of the requisite number of electrons in bonding. All these oxidation 
States are realised in practice, and along with them, a zero oxidation 
state is also achieved in its carbonyl compound, Cr(CO),. However; 
the oxidation states of +1, +4 and +5 are very unstable and are 
attained only in a few co-ordination complexes of chromium. The 
important. oxidation states of chromium аге +2, +3 and +6, of 
which the +2 state is quite unstable. The chemistry of chromium 
is dominated by the +3 and --6 oxidation States. 


Compounds of Chromium. 


Compounds of Chromium (П): Halides : 
(CrF;)and chromous chloride are obtained b 
over red-hot chromium. CrF, i 


Chromous fluoride 


K;Cr:0;--6HCI--8[H] — 2CrCl,+2KCI+7H,0. 
From this solution, CrCl, may be Obtained as a green 


` dihydrate or a pale blue trihydrate. CrBr, and Стђ, are also know? 
and are similar to CrCl,, | 


This is obtained by the same 
Sot © preparation of CrCl, using H,SO, in 


K.Cr,O;--3H,80,4-8[H] => 22780, 

[Addition of sodium aceta or ammonium oxalate 

to this solution of CrSO, (and also to a solution of CrCle)s 

Cr(CH;COO), and CrC,0, respectively, are obtained.] OF 
crystallisation in absence of air 


ог oxygen, bright blue crystals of 
the heptahydrate CrSO,7H,O are obtained. It js isomorphous 


with FeSO, and forms double salts (schonites) of the type CrSOs- 
(NH4S0,.7H,O, which are isomorphous with Mohr salt. 

All chromous compounds are Strong redu 
evident from the E^ value (—0.41 V) of the Crt 


+K,S0,+7H,0. 
te or sodium 


cing agents, which i$ 
2/Сг+2 system. 


THE TRANSITION ELEMENTS 313 


Chromium (Ш) compounds or chromic compounds. 

Chromic oxide (chromium sesquioxide), Cr,O,: This is obtained 
when Cr(OH)s, Сг(Оз)з, OF Cr«(SO;)s is ignited. It can also be 
obtained by heating ammonium dichromate * 

(NH4Cr;0; = Cr,03+4H2,0+NeT - 
CrO; isa stable green powder which is amphoteric in nature. 
Freshly prepared hydrated CrO; dissolves in acids on heating to 
yield Cr (III) salts : Cr,O;-- 6H*--3H,0 —2[Cr(H;OXT"- 

It also dissolves in alkalis, forming chromites : 

Cr,03;+20H” = 2cr0,2-+H,0. 
chromite ion 
"When fused with an alkali in presence of air, it forms chromate : 
2CreO3+ змаон-30, = ама Сто +4Н,0. On ignition, chromium 
trioxide becomes insoluble in acids. 
It dissolves in borax, producing green coloured metaborate : 
Cr,Os -3Na;BiO; > 2Cr(BO;),- 6NaBO;. 

Uses: The hydrated oxide Cr,O,.2H,O is used as a green 
pigment and goes by the name Guigret's green. Itis also used in 
glass and porcelein industry to impart green colour to glass and 
porcelein articles. 

Halides: All the halides, CrFs, CrCl, CrBrs and Cri, are 
known. Of these, chromic chloride is of some importance. 


Chromic chloride, CrCl,: This is generally obtained by passing 
chlorine over a strongly heated mixture of Cr,O, and carbon : 
Cr,03+3C+43Ch = 2CrCl3+3C0. Anhydrous CrCls is a pinkish- 
violet solid, almost insoluble in water. However, in presence of a 
trace of chromous salt, it readily dissolves, forming a green solution. 
It forms three soluble hexahydrates. 

(i) The dark green a-variety, which is obtained by dissolving 
CrO; in concentrated HC!, evaporating the solution to crystallisa- 
iion and finally cooling. On addition of AgNOs solution to a 
solution of this green «-variety, only one chloride ion is precipitated 
as AgCl. Hence, this variety has the structure [Cr(H5O),Cl;]CI. 
2H;0. 

(ii) The violet f-variety is obtained by dissolving the «-variety 
in an equal weight of water, refluxing it for an hour, cooling in 
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ice and Passing HCl gas through this cold Solution. On additiom 
of AgNO, to a solution of this compound, all the three Cl--ions are 
Precipitated out as AgCI. It has the structure [Cr(H30),]CI,. 

(ii) The light green y-Variety is obtained from the mother-liquor 
from the Preparation of the B-variety, by adding ether saturated 
with HCl, and by passing HCI for Some time, the temperature being 
kept near 10*C. Two Cl--ions are Precipitated as AgCl on the 
addition of AgNO, to a solution of this compound. Hence, its 
structure is [Cr (Н,0);СІ] Cl. H,O. 

' CrF;, CrBr, and Crl, may be Obtained ag hexatydrates by 
dissolving Cr(OH), in the ‘Tespective acids and evaporating tc 
crystallisation. These have properties Similar to chromic chloride. 

Chromic sulphate, Cr, (80), : This is best obtained by dissolving. 
Cr(OH), in hot concentrated Н,5О, and keeping the solution for à 
few weeks, when violet Crystals are obtained, Two varieties of 
chromium (III) Sulphate are known, The violet variety, Cr,(SO,)s- 
18H,0, is obtained as above, and the green variety, Crp (50,);. 60; 
Variety at 90°C until the composition 
mula Cr,(SO,),. 6H,O. The Structure of the 


WHE (9.0) 2] (50,);. 6Н,0 and that of the 
green variety is iCr.(SO,), (H,0),] 


É —Na*, K+, NHi* etc.] are well- 
t important Of these is chrome alum, KSO,- 
tion of K,Cr,O, in dilute HSO; on passing ae Teduction of a solu 
KsC0,+H,80,+350,— 
It is obtained as beautiful vi 
isomorphous with Other 


olet Solution Which turn 
above 60°C, due to the Conversion of the [Cr, 


he ies to 
the green [Crs(SO,), (H;0)] species, (60) ] species 
Uses: It is used for tannin 
printing as a mordant. 
Chromium (1) hydroxide, Cr(OH); : 
addition of an alkali or NH,OH to a 


2 leather and in dyeing and calico- 


This is obtained by the 
solution of Сгш) salt : 
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CrCl,-+3NH,0H= Cr(OH); 4 +3NH,Cl. Itis precipitated as a dirty 
green gelatinous precipitate. It is an amphoteric substance and 
dissolves in acids, forming chromic salts and in alkalis to form 
chromites. On heating, it is converted into green Cr;Os. 

Complexes of Ст(Ш1) : Chromium (III) forms a large number 
of complexes with various mono-, bi- and polydentate donors. Some 
familiar examples of Сг(Ш) complexes are : 

[Cr(NE3).] 5, 1С:(90) 1°, [Cr(SCN) ^^, Сеп) T^, [Cr(glycine)j]" 
etc. Most of the Сг(Ш) complexes have octahedral structure with. 
а d'sp?-type of bonding. 


CHROMIUM (VI) COMPOUNDS. 

Chromium (VJ) oxide or chromic anhydride, CrO,: This is 
obtained from K,Cr,O; by treatment with concentrated H,SO, (or 
HCIO,) : K,Cr,O;-I-2H,80,—2CrOs Y --2KHS0,-- H;O- On cooling, 
the orange-red crystals of CrO,-separate out. CrO, is an orange-red 
crystalline solid. Tt volatilises at 110°C and melts at ~1S0°C with 
partial decomposition. It is highly soluble in water, giving a 
highly acidic solution, which is supposed to contain several poly- 
chromic acids along with the monochromic acid, HsCrOs- The 
formation of the monochromic and polychromic acids may be 
represented as the addition of one mole of CrO, to the preceding. 


one: 
CrOs CrO; CrO; 
H,O > Н,СтО, —> H,Cr,0, ——— HsCrsO: 
monochromic dichromic trichromic 
acid acid acid 
CrO; 


Y 
etc. <= HsCraOsa 
(tetrachromic 
acid) 


These polychromic acids have never been isolated in pure state 
and are rather unstable even in solution. However, their salts 
are known. 

CrO, is a powerful oxidising agent and oxidises many organic 
compounds like alcohols, aldehydes, ketones, acids, sugars etc. In. 
acid medium, it also oxidises many inorganic compounds such as 
ferrous salts, stannous salts, iodide, SO;, H:S etc. Tn each. case, the 
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Cr(VI) is reduced to the Cr(III)-state. As these oxidation reactions 
are identical with those of the dichromates, they are discussed under 
the dichromates. 

Chromates : Chromates, like sodium and potassium chromates 
‘can be conveniently prepared by dissolving CrO; in NaOH or KOH 
:Solutions : CrO;+2NaOH=Na,Cr0,+H,0, 

However, Na,CrO, and KCrO, are obtained commercially from 
"ichromates by treatment with calculated amounts of NaCO; ог 
КУСО; to the solutions of Ма,Сг,0, and K,Cr,0, respectively : 
Ма,Ст,0, +Na,CO,=2Na,CrO,-+ CO; K:Cr;O;- K,CO, —2K,CrO; 
+CO,. 

These solutions, on evaporation and cooling, yield lemon-yellow 
crystals of Na,CrO,.H,O and K;CrO, The dichromates (NasCr;Oz 
and K,Cr,O,) are manufactured from the chromite ore by the 
usual procedure. On treatment with an acid, yellow chromates are 
converted into the orange dichromates ; 

2KACIOCE2H*-K.CrO, poke H,O, 
Dichromates: The dichromates can easily be obtained by the 


and subsequent evaporation 


Potassium dichromate, K,Cr,0, : 


‘dichromate, as it is obtained in extremely pure condition and is 
highly stable under 


It occurs as orange-red 
crystals, melting at 398°C. It is fairly Soluble in соја water and 
highly soluble in hot water, 


On strong heating, it is decom 


This is the most important 


romyl chloride, Стога, : 
K,Cr,0,+-4NaCl+-6H,S0, 
—2CrO,Cl, t +2KHS0,+4NaHS0,4.31,0 3 
Or, 
СО“ --ACI---6H* —2CIO.CI, $ +3H,0, 
This reaction is utilised for the detection of chloride in a sample. 
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[This reaction requires the presence ој CI- ions and hence, chlorides 
like HgCle, Нас and SnCle, which posses much covalent character,. 
do not respond to this chromyl chloride test.] 

Like all the dichromates, K,Cr.O; is a powerful oxidising agent 
and oxidises many organic and inorganic compounds. E? value of 
the system, Cr,0,2--+ 14H*2-6e2Cr*-4- H0, is 1.36 volts at 25°C. 
This indicates that, in acid solution dichromate is as strong an 
oxidant as chlorine (Е? of i Cl,--e-Cl-—1.36 volts at 25°C ). 
Several oxidation reactions, involving the dichromate ion, are 
included in Chapter VI, vol. I, p. 253-254. " 

We have already noted that on treatment with an alkali, a 
dichromate is converted into a chromate and on acidification a 
chromate changes over to a dichromate : 

Cr,Oz---20H-—2Cr0 -+H A 

2Cr0O,7+2H* =Cr,0;-+H,0. 
In an aqueous solution of a dichromate, the following equilibrium: 
is immediatily established : ' 

Cr,O;^- НО = 2HCrO, = 2Ht-+-2Cr0,*. 
On the addition of a base, the proton of HCrO,~ ion is neutralised: 
and HCrO, is removed as CrO;?- and hence, according to the Le 
Chatalier's principle; the equilibrium shifts to the right and more 
and more chromate is produced. On addition of an acid, the con- 
centration of H* increases and gradually forces the equilibrium 
to the left, towards the formation of the Сп,“ ion. 

Uses: KCrO; iS used as a primary standard oxidant for 
volumetric analysis of many reducing agents like ferrous iron, iodide 
etc. Itis used in leather tanning, and in dyeing and calico-printing. 
It is also used for the preparation of several important chromium 
compounds like chrome alum, chrome yellow (PbCrO,, used as a 
pigment), chrome red (PbO. PbCrO,, also used as a pigment), zinc’ 
yellow (ZnCrO,, which is also used as a pigment). Mixed with con- 
centrated H,SO,, it is widely used by the organic chemists as a 
powerful oxidant. 

Chromyl chloride, CrO,Cl,: As already pointed out under’ 
potassium dichromate, chromyl chloride is prepared by distilling а: 
mixture of K,Cr,0,, an ionic chloride and concentrated HSO,,. 
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when CrO,Cl, distils over asa dark-red liquid. It boils at 16°С. 

dt is rapidly hydrolysed by water or an alkali, forming chromate : 
ГОСТЕ 4NaOH=Na,CrO, T 2NaCI +2H,0. 


[Jt may be pointed out here that, if a bromide or an iodide is treated 
їп а similar manner, chromyl bromide and iodide aie not formed. 
Hence, this test may be utilised for the detection of chloride in presence 
„ој bromide and lodide.] 


CrO,Cl, is a very powerful oxidising agent and reacts with 
‘burning sulphur, Phosphorus, ammonia and 
organic compounds with explosive violence. 
chemistry for the oxidation of a methyl 
aromatic ring to the corresponding aldehyde. 

Chromium peroxide, CrO;: Whe 
or dichromate is acidified with H, 


a large number of 
It is used in organic 
Sroup attached to an 


the form: 
variously described as Нсго,, H,Cr 


established that this is chromium Peroxide, Cro, : 
CrO/ +2H*+2H,0,—Cr0, зно, 
blue 


O. „о 
NL A 
Pe | 


‘Some other chromium compound 


Chrome yellow (PbCrO,) : те is obtained by th iti f 
'a solution of Na,Cr,O, to a Ве аб одра 


4 П aqueous solution of lead nitrate or 
‘lead acetate. It hasa bright-yellow colour and is used as a pigment. 


Chrome green: This is obtained by thoroughly mixing finely 
pulverized chrome yellow with Prussiun blue, Fe,[Fe(CN),],. This 
‘is also used as a pigment. 


Chrome red or basic lead chromate, 
-obtained from chrome yellow, by digesting it 


S of industria] importance : 


PbO.PbCro, TETIS, 
with a dilute solution 
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of NaOH. It is a brilliant-red powder and is used as a pigment, 
either alone or mixed with PbCrO,. 

Zinc yellow or basic zinc chromate, (Zn(OH),ZuCrO, H,O : This 
also is a yellow pigment which is prepared by treating a neutral 
zinc salt solution with K;CrO,. 

Guigret's green or hydrated chromic oxide, Cr,O,.2H,O : This is 
manufactured by fusing K,Cr,O, and boric acid in equimolecular 
proportions. It is a bright-green powder, widely used as an inert 
outdoor pigment. 


MANGANESE (Gr. VII A) 


Manganese occurs in Group VIL A of the periodic table, along 
with technetium and rhenium. With an atomic number of 25, 
åt possesses the valence-shell electronic configuration, 34° 4s?. 
The difference in the properties of the members of the two sub- 
groups reaches maximum in Group VII of the periodic table 
and hence, we find that manganese of Group VIIA differs widely 
from the halogens. the elements of Group VIIB. It will be seen 
from the electronic configuration of the manganese atom that 
it is a transitional element belonging to d-block, while the halo- 
gens are representative elements. Besides, manganese is a typical 
metal (electropositive element), while the halogens are strongly 
electronegative non-metals. But, below these dissimilarities, 
there lie certain resemblances between manganese and some of 
the halogens. Such resemblances are, however, restricted to the 
highest oxide (Mn;O;) of manganese and its derivatives on the one 
hand, and ClO; and its derivatives on the other. In these highest 
oxides and their derivatives, both Mn and CI exhibit their group- 
valency of 7 and their octet is fully shared. Mn,O, and ClO; are both 
acidic, volatile and explosive in nature. Permanganic acid (HMnO,) 
and perchloric acid (HCIO,) are analogous and very strong acids. 
Potassium permanganate and potassium perchlorate are isomorphous 
salts. Again, both silver permanganate and silver perchlorate are 
sparingly soluble in water. All these similarities somewhat justify 


320 CHEMISTRY 


the placement of Manganese with the halogens in the same group 
(Group VII) of the periodic table. But, once the compounds of 
Mn and Cl in their reduced state are compared, the above similarities- 
disappear altogether. Thus, chlorine js electronegative іп its- 
compounds devoid of oxygen, and manganese in lower oxidation 
States is completely basigenic and exhibits close similarities with its: 
neighbours like chromium and iron, which will be discussed later. 


Occurrence : Manganese is a relatively abundant metal and 
constitutes about 0:085% of earth’s crust, Although widely distri- 
buted in nature, the metal occurs in certain substantial deposits of 
good ores, the most important of which is pyrolusite (impure МпО», 
containing 60-63% MnO»). It is found in large quantities in India, 
U.S.S.R., Africa, Brazil and Chile, [In fact, India is the largest 
producer of pyrolusite in the World. The ore is chiefly available in 
Orissa, Madhyapradesh, Bihar, Maharastra and Karnatak.] Other 
important ores of manganese are : Braunite (МО), Manganite 
[MnO(OH)], Hausmanite (Mn;0,), Manganese spar (MnCO,) and 
Manganese blende (MnS). The metal is associated with many iror 
cres. Plant and animal cells contain trace amounts of manganese 
which is essential for important biological processes, 

Extraction ; Pyrolusite 


is the chief Source material for the 
extraction of manganese, ang it is generally extracted by the thermit 
process. But, as MnO, itself Teacts violently with powdered’ 
aluminium at high temperatures, it is first Converted to Mn4O, bY 
strongly heating inair before redy : 
heated ore is freed from 


Separation. It is then і 


-L, p. 524) ; = Or 
3Mn,0,+-8Al=9Mn+4A10,, P. 324) : 3Mn0,— Mn,0,4-O; 


[ Aluminium oxide, 


Obtained as the by. 
artificial corundum whict 


К "Product in the aboy; metallurgy, ЈЕ 
11s generally used as lishing 


an abrasive or for polishing purposes: 


ction. The finely powdered and 
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Properties: Manganese is silvery-white, hard and brittle. It 
has c density of 71, melts at 1247°C and boils at 1900°C. In the 
pure stai, it 15 stable in air; but, when the finely divided metal 
is heated ?n air, itis oxidised and sometimes catches fire. Water is 
also decomposed by the finely divided metal, especially in the 
presence of NH,;Cl which prevents the formation of insoluble 
coating of manganous hydroxide on the metalsurface. It readily 
dissolves in dilute mineral acids, with the evolution of hydrogen : 
Mn+2HCl = MnCh--H;, 1. Boiling conc. H,SO, and HNO, 
dissolves the metal with the evolution of SO, and nitric oxide res- 
pectively. The metal combines directly with the halogens, sulphur 
and phosphorus at moderate heat, and with nitrogen at high 
temperature to form the respective binary compounds. Manganese 
forms alloys with many metals. Those with iron, known as 
ferromanganese and spiegeleisen, are of much technical importance in 
steel industry. The metal is paramagnetic. 

Uses: Manganese is largely used in steel industry in the form 
of ferromanganese or spiegeleisen. When added in small quantities, 
it removes traces of sulphur and oxygen from steel; and in larger 
quantities, it forms very tough alloy-steel (manganese steel). Among 
the non-ferrous alloys of manganese, the most important ones are : 
(i) manganese bronze (containing copper with varying amounts of 
Mn and Zn), (ii) manganin (83% Cu, 13% Mn; 4% Ni; used for 
making resistance coils), (iii) Heussler’s alloy, a ferromagnetic 
alloy of Cu, Al and Mn. 

{ Ferromanganese and spiegeleisen are manufactured by smelting a mixture of 

. of iron and manganese ores in the blast furnace. Ferromanganese contains 


30-80% Mn (with less than 0:395 carbon) and spiegeleisen contains 5-20% Mn (with 
more than 0:3% carbon.) ] 


COMPOUNDS OF MANGANESE. 

Oxidation states of manganese: It is evident from the electronic 
configuration of the manganese atom that, it should exhibit a 
maximum oxidation state of +7. This is no doubt, true; but, 
the metal is also known to exist in various lower oxidation states, 
Infact, manganese compounds, containing the metal in —3, —1, 0, 
+1, +2, +3, +4, +5, +6 and +7 are all known. This is why 
(as already mentioned in the general discussion about the transition 


21 
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elements), manganese is marked as the most versatile “element of the 
Periodic table. Of these, the compounds having the metal in the 
‘+2 and +7 oxidation states are most common and stable. It 
should, however, be mentioned that some of the unstable oxidation 
States of manganese may be more or less stabilised by complex 
formation. [The compounds of Manganese in – 3, —1, 0 and +! 
oxidation states of the metal are generally unstable and highly reduc- 
ing substances, and are mostly complex carbonyls, nitrosyls, cyanides 
etc.]. The +2 oxidation state of the metal is the most stable опе 
(which is due partly to the half-filled shell of Mn!) ; but it is quite 
readily oxidised in alkaline medium. The chemistry of Миш is not 
extensive and in aqueous solution, it is quite unstable, being readily 
reduced to Mn™. In aqueous Solution, Мош disproportionates into 
j Mn" and Ма; 
2Mn**--2H,0—Mn**--MnO, (S) { --4H*. 
The chemistry of Mn!” is not also extensive. Mnl” is stable only 
in complex ions such as [MnF,]* and in MnO». The 4-5 oxidation 
state of manganese is Very uncommon. MnVI is fairly stable 85 
the manganate ion, [MnO,p- Only in very basic solution ; but, in 
acid, neutral or slightly basic solutions, it readily disproportionates 
as follows : 
3Mn0Og--r4H*— 
Mn! is best known as the 
salts of [Mn0,]- ion. 


Mn20;4-2Mn0; + 2H,0. 


more or less stable Permanganates, the 
Mn,0, (an oil 


liquid) is stable only 
below 0°C, Y liquid) is sta 
Compounds of Mn (II). 

Manganous oxide (MnO) is a ац green powder and is obtained 
by the thermal ‘decomposition Of ma 


So by strongly heating other higher oxides 
MnCO;—MnO--CO» : 
+H:=Mn0+H,0. 

anganous salts, 

1. is thrown down asa white 
(H) salt solutions with alkali 
adily turns brown on exposure’ 
ganic hydroxide, МпО(ОН): 


hydroxides. The white precipitate re. 
to air due to oxidation into ma 
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3 
Manganous hydroxide is incompletely precipitated by NH,OH, and 
it may not be precipitated at all by NH,OH in presence of NH,Cl. 
This is due to the fact that, in the latter case, the concentration of 
OH- ions is rather small as compared to what is required to exceed 
the solubility product of Mn(OH), (Ksp—[Mn**] [OH-}?=~10-4), 
and also the much lowering of [Mn**] through complex formation 


"with ammonia. 


Manganous halides, MnX, (X=F, СІ, Br and I). 


Manganous chloride (MnCl,) is the most important member of 
Mn(II)halides. Itis prepared in the anhydrous state by the action 
of dry НСІ gas on MnO, MnCO, ог the metal itself, and also by 
burning the powdered metal in dry chlorine gas. The hydrated 
salt is formed with 2, 4 or 6 molecules of water of crystallisation. 
Among these, the tetrahydrate, MnCl,4H,O, is common and is 
obtained by dissolving MnCO, in dilute НСІ and concentrating the 
solution below 60°C. The hexahydrate, MnCl,.6H;0, is formed on 
crystallising the solution at lower temperatures and the dihydrate, 
MnCl, 2H,O, at higher temperatures. The dihydrate becomes 
anhydrous on heating at 98°C. 

The tetrahydrate can also be prepared by strongly heating 
powdered pyrolusite with ammonium chloride in a crucible and 
extracting the residue with boiling water. The filtered aqueous 
extract gives the product on evaporation : 

3Mn0;--6NH,CI —3MnCl; -N; 4 --4NH; | +6H,0 f . 

The anhydrous manganous chloride forms rose-red deliquescent 
crystals, while the crystals of the hydrated salts are pale pink in 
colour. Itis highly soluble in water and forms double salts of the 
compositions: MICL.MnCl,  2M!CIL.MnCl, etc., where M!—an 
alkali metal. 

Manganese bromide and iodide (MnBr, and MnI;) are similar to the chloride in 
appearance and properties. But, the capacity of-forming double salts is much 
weaker for the bromide and is practically nil for the iodide. 

Manganous carbonate (MnCO,) occurs in nature as manganese 
spar. lt can be prepared as a white substance by adding NaHCO, 
solution to a manganous salt solution. The compound is somewhat 
soluble in water saturated with CO;, due to the formation of soluble 
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manganous bicarbonate, Mn(HCO,),. Manganous carbonate 3 
changed into Mn(OH), on boiling with water, and CO, is и Я 
during this change. On gentle heating, the solid salt decompos 
i and СО,. 
БРЕ ман du Mn(NO),.6H;O is the most important DA. 
of the salt (several other hydrates are also known) and is PE 
as pink deliquescent crystals on evaporating the solution obtaine 
by dissolving MnCO, in slight excess of dilute HNO. The anhydrous 
salt may be obtained by warming the hydrated salt with conc. HNOs. 
The solid salt decomposes on heating ; : Mn(NO;), —MnO,--2NO; hee 
Manganous phosphate, Мп,(РО,),7Н,О: When a solution of 
a manganous salt is treated with excess of Na,HPO, solution, the 
white precipitate of the heptahydrate is formed, When the above 


ely. The Precipitate, after 
mposition MnNH;PO,.H;O; 
pyrophosphate, Mn,P,0;, on 
7+2NH3++H,O}. This serves 
mation of manganese. 

Manganous sulphide (MnS): On Passing H,S 
nous salt, containing МНАОН and N | 
manganous sulphide is Obtained. 


ignition : 2MnNH,PO,—Mn;P,O 


< 0% ammonium Sulphide solution, Manga- 


Manganous sulphate (Мпѕо,) : 
powdered pyrolusite with c ^ evaporating the liquid and 
then gently igniting the resi ‘compose ferric sulphate that is 
formed from the oxides of iron contained in pyrolusite. Manganous 
sulphate remains unaffected by this Procedure, and is extracted with 
water. The filtered aqueous extract, on evaporation, yields pink 
efflorescent crystals of the tetr: 


ahydrate, MnS0, 4H,O. Several · 
other hydrates of manganous Sulphate are known, When the 


tion is carried out at temperatures 
below 9°C, the heptahydrate, MnS0,.7H,0, Bomoi with 


FeSO,7H;O (green vitriol) is formed, Between 9°_27°C, the 


This salt is 
onc. H,SO, 
due tod 


prepared by heating 
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crystallisation produces the pentahydrate, MnSO,.5H;O, isomor- 
phous with CuSO,.5H;O (blue vitriol). When the hydrated salts are 
heated at about 280°C, the colourless auhydrous salt is formed. · 
[Manganese is sometimes estimated gravimetrically by weighing 
as the anhydrous sulphate.] Manganous sulphate forms crystalline 
double salts with ammonium sulphate or alkali metal sulphates, such 
as K,Mn(SO,),.6H;0, (NH,);Mn(SO;); 6H,O which are isomorphous 
with Mohr's salt. 

Compounds of Manganese (III): Manganese (III) or manganic 
salts are powerful oxidising agents. They are readily hydrolysed in 
water with the formation of Mn(II) salts and separation of MnO, : 

2Mn***--2H,;0—Mn**-4-MnO, | +4Н“. 

Thus, the solutions of manganic salts are acidic due to hydrolysis 
and as such, they are stable in strong acidic solutions. Complex 
manganic salts are, however, quite stable. 

Manganic oxide and hydroxide [Mn;O; and MnO(OH)]: Manga- 
nic oxide (Mn;O;) occurs as the ore braunite. It can be artificially 
prepared as a brown powder by heating MnO or MnO, in air to 
redness (550—950*C). On heating above 950°C, Mn,O, loses 
oxygen and forms Мп;0,. } 

Manganic hydroxide, MnO(OH), is obtained as а brown powder, 
when Cl, gas is passed through a suspension of MnCO; in water 
or sodium carbonate solution ; the excess МпСО,, if any, is 
remoyed by dissolving it out with very dilute nitric acid : 

3MnCO,+ Cl,-+H,0=2Mn0(OH)-+ MnCl, +3C0; | . 

Dilute hydrofluoric acid and concentrated H,SO, and HPO, 
dissolve both Mn,O, and MnO(OH) to produce manganic fluoride, 
manganic sulphate and manganic phosphate respectively. These 
two compounds are, therefore, believed to contain tervalent manga- 
nese, with the molecular ccnstitution, O=Mn—O—Mn=O and 
O-Mn- OH respectively. But, as they react with hot, dilute HNO, 
to produce manganous nitrate and manganese dioxide (Mn,O,+- 
2HNO;=Mn(NO;),+-MnO2+H,0), manganic oxide is often regard- 
ed as the mixed oxide, MnO.MnO,, or manganous manganite 
MnH(Mn!YO;. But, the tervalency of the metal in these two 
„compounds is more widely accepted. 
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An artificially prepared manganic hydrate, known as manganese brown, used as 2 
brown-black pigment in cloth dyeing and printing, is Prepared by treating MnCls 
Solution with bleaching powder and lime water, 

Mangano-manganic oxide, Mn;O,, occurs in nature as the mineral 
hausmannite. Yt is the most stable oxide of manganese, and is 
Obtained as a brownish-red powder by igniting any other oxide of 
the metal above 950°C, [Manganese is sometimes estimated by 
he oxide dissolves Slowly in cold concen- 


trated HSO, to form a red solution containing both manganous 


and manganic sulphates : 

Mn;O, + 4H,50,—MnSO, + Mn,(SO,) 
It, therefore, behaves as an equimolecula; 
and manganic oxide (MnO, Mn,0,). 
HNO;, producing manganous nitrat 

[Mn;O, + 4HNO,=2Mn(NO,), 
Suggests its formulation as the mixed o 
lent manganese, viz. 2MnO.Mn0,, 
Mn,"(Mn!V0,), or basic Manganous 
the constitution 


з + 46,0. 

T mixture of manganous 
But, its reaction with boiling 
* and manganese dioxide, 
+ MnO, + 29,0], 

Xide of bivalent and tetrava- 
of as manganous manganate; 
manganite, MnOU(Mn1v0y), of 


о (0) 
ATS T EN O—Mn 
ИДЕМ апа O=Mn¢ 


O respectively- 
O—Mn^ г 


> Manganic chloride (MnCl,) is too un- 


А BC in solution ; manga- 
nic bromide and iodide are not known, ? 


Manganic fluoride (MaF;.3H,0) is obtained as deep red crystals 
i ofluoric acid s 


É А olution, ог by oxidising 
manganous salts with potassium Регтапрапаје in hydrofluoric acid 
medium. In both the cases, the Tesultant solution is filtered and 


concentrated to obtain the crystals of MnF,.317,0, The compound 
is decomposed on heating into Manganous fluoride and fluorine ? 
2MnF,=2MnF,+F,. It farms complex fluorides of the type 
K,MnF;.H.O with alkali metal fluorides, 

Manganic chloride (MnCl): 


When Manganese dioxide 78 
dissolved in cold conc. HCl, a de 


€p brown Solution 15 obtained: 


t 
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and it contains manganic chloride. When solid KCl is added to 
the above brown solution and HCl gas is passed into it in the cold 
till it is saturated with the gas, the dark red complex salt, K,MnCl,, 
separates out, But, pure MnCl, cannot be isolated from the above 
solution. 

Manganic sulphate, Mnj(SO.: It is obtained as a dark-green 
precipitate on cooling a solution of precipitated manganese dioxide 
in conc. H,SO,. The precipitate is filtered, washed with conc, HNO; 
and dried at 150°C. Manganic sulphate forms deliquescent powder, 
soluble in water to form a violet coloured solution. The solution 
gives a precipitate of manganic hydroxide on dilution. It forms 
violet coloured double sulphates or alums with alkali metal sulphates 
and ammonium sulphate, and they are isomorphous with potash 
alum, ferric alum and chrome alum. Except the cesium manganic 
alum, the other manganic alums are more of. less hydrolysed in 
aqueous solutions to form hydrated manganic oxide. 

Manganic phosphate : Several phosphates of tervalent manganese 
are known. Among them, the orthophosphate, MnPO,.H,O, is green ; 
the metaphosphate, Mn(POs), is red and the others are violet—ail 
being insoluble in water. [The violet colour of the microcosmic 
salt bead, formed in the oxidising flame by manganese compounds; 
is due to the formation of Mn (III) phosphate] Violet manga- 
nese (Ш) phosphate is specially prepared for use as 4 permanent 
violet pigment in artists’ work. У 


Compounds of manganese (IV). 

Manganese dioxide (MnO,) is the most familiar and’ important 
compound of manganese (IV), and it occurs widely as pyrolusite, the . 
chief ore of the metal. It is difficult to obtain pure MnO, from 
pyrolusite and as such, the pure materialis prepared artificially by 
heating manganous nitrate : 

Mn(NO;)—Mn0;-4-2NO, +. 


Hydrated manganese dioxide is obtained as a brownish black 
precipitate during the reduction of manganates or permaganates in 
alkaline medium, or by the oxidation of Mn (II) salts with bleaching 


powder. 
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Anhydrous MnO, is greyish-black to black crystalline powder, 
insoluble in water and dilute acids, It loses oxygen on heating 
above 530°C, forming Mn;O, first and then Mn,O, The oxide is 
amphoteric. As a feebly acidic Oxide, it combines with strong bases 
to form manganites (e.g. СаМпо,), and as a basic oxide, it reacts 
with cold concentrated hydrochloric acid to form a dark brown 
Solution which is Supposed to contain unstable Масі,. The dark 
brown solution evolves chlorine gas on warming : MnO;--4HCI— 
MnCh,+2H,0 ; "MnCl,—MnCI;--CI,. Manganese- dioxide is 
-unaffected by conc. HSO, in the cold; but, on heating below’ 
140°C, manganic sulphate is formed, with the evolution of oxygen- 
Stronger heating produces manganous sulphate : 

2450, +68,50,=2Ма,(50,),+ 6,040, ; 

S MP(S00.-F2H,0— 4MnS0; | 2. so, , o). 
Concentrated halogen hydracids are oxidised by MnO, to the corres- 
ponding halogens : THX--Mn0,—MnX, £28 o. ix (X=Cl, Br, р). 
Inspite of its low solubility, manganese dioxide readily reacts with 
‘Strong reducing agents in the Presence of dilute acids. Thus, it 
Teacts with sulphurous acid t 
MnO:+2H,SO;=MnS,0,+2H,0, In the presence of dil. #,80» 


manganese dioxide reacts with H,O, to form manganous sulphate 

and oxygen: oO HiO,--H,S0,— MngO, оноро, Па 

absence of acid, MnO, also catalytically decomposes НО, with the 

evolution of Oz; but in this case, half as much oxygen is evolved 
MnO Х 

as in acid solution: H:O, = 


“MnO, also accelerates the decomp 


> H,0+30,] As a catalysts 
Osition of KCIO, into KCI and 


r the Preparation of oxygen in 
the laboratory. 3 


Ferrous sulphate and oxalic a 
MnO, in presence of dil. H;SO, : 
Mao a 2880, -2Н,80,-Ма0,4- Fe (бО, 2.0 ; 
nor HiCOcEH,SO,—MnSO, 120, + 26. 0 ; 
The molecular constitution of MnO, is represented as O=Mn=0. 

Evaluation of the purity of Dpyrolusite : Naturally Occuring pyrolusite is the 
starting material for the production of manganese meta], ferro-manganese and many 
other useful compounds of the metal. Pyrolusite contains Fe,O, азчће chief ae 
purity, along with other minor impurities, For technical Purposes, the MnO» 


cid are quantitatively oxidised by 
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content of pyrolusite should be known. The amount of MnO; in a sample gf 


pyrolusite is generally estimated by heating a known quantity of the sample with 


conc. НСІ and passing the liberated Cl; into a KI solution, and estimating the 
iodine set free in the process, by a standard solution of sodium thiosulphate, using 
'starch solution as indicator. The estimation may also be carried out by measuring 
the volume of oxygen at N.T.P., liberated by the reaction of a known weight of the 
sample with hydrogen peroxide in presence of dil. H,SO,. 


Uses of MnOz: Manganese dioxide is used as a catalyst in the preparation cf 
О, from KCIO, in the laboratory and also for the preparation of chlorine. Itis also 
used as an oxidising agent, as a decoloriser for glass, as e depolariser in Leclance 
cell, as a drier in point, and for glazing pottery. 

Manganese tetrachloride (Маск) is said to be formed in the deep 
brown solution obtained by the action of conc. НСІ on MnO, in 
the cold. But, the compound cannot be isolated in the solid state. 
The complex salt, potassium hexachloromanganate, K, [MnCl], can, 
however, be readily obtained by adding a mixture of solutions of 
calcium permanganate and potassium chloride to a well-cooled 
40% hydrochloric acid solution. It forms very deep red crystals. 
Ammonium and rubidium salts can be similarly prepared. 

Complex fluorides of tetravalent manganese, viz. Ка Ма] and 
K[MnF,] may be obtained as golden yellow crystals and pale red 
powder respectively, by the method of preparation similar to, that 
of K, [MnCl]. 

Manganese disulphate, [Mn(SO,)2] is obtained as black crystals on 
cooling a concentrated solution obtained by oxidising manganous 
sulphate in sulphuric acid medium with potassium permanganate 
at 50-60°С. The substance dissolves in conc. H,SO, to form a deep 
brown solution, but is hydrolysed by water with the deposition of 
hydrated manganese dioxide. It isa good oxidant. 


Compounds of manganese (V1) 


The most important compounds of hexavalent manganese are 
the manganates which are the salts of the very unstable manganic 
acid (Н.Мп0,) and are derived from the unknown trioxide, МпОз. 

Potassium manganate (K;MnO,) is prepared by fusing manganese 
dioxide or finely powdered pyrolusite with KOH, with free access 
of air, or mixed with an oxidising agent like KNO; or KCIO,. 
The dark green fused mass is cooled and extracted with a small 
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guantity of water when an intense green solution is obtained. The 
clear solution, on evaporation in vacuum, yields dark green. crystals 
of potassium mangaate, which are isomorphous with corres- 
ponding chromates and sulphates. 

2Mn0O,+ 4KOH +0,=2K,Mn0,+-2H,0 

MnO;--2KOH4- KNO;—K;MnO,--KNO,--H,O 8 

5Mn02+ éKOH--KCIO,—3K,Mn0, -KCLI-3H,O. 


[A very pure sample of К.МпО, may be Prepared by adding a mixture of 
Potassium permanganate and potassium hydroxide to water, in complete absence 
of carbon dioxide : 4KMnO, +4KOH=—4K,Mn0,+0, 4 2H0. ] 


Sodium manganate (МаМпо,) is similarly Prepared from MnO, and NaOH ; 


But, it decomposes into potassium mang 
heated near its melting point : 


i solutions, producing green 
by water, yielding a purple 


4 and depositing hydrated 
manganese dioxide; this change occurs more readily on acidifica- 


tion, oron treatment With carbon dioxide, Tt is actually a dis- 

proportionation reaction (or self-oxidation self-reduction reaction); 

in which a part of Mn (VI) is oxidised to M. (VII) at the expense 

of another part which is reduced to Mn IV): 
ЗМа (YD—2Mn (ҮП) Mn (гу), 

The actual reactions are ; 

3K2MnO,+2H,O=2KMn0,+Mn0, |+акон ; 

3K;Mn0,--2H,$0,—2KMn0,--MnO, | T2K,80,4-2H,0 ji. 

3K,.Mn0,+4CO, +2H,0=2KMn0,+Mno, i +4KHCO,. 

In a true oxidation reaction, however, a green solution 0 
manganate is completely oxidised to g Purple solution of per- 
manganate on passing Cl, gas through it, and during the process, 2° 
deposition of MnO, takes place ; 2KMn0,+-Cl,=2KMn0, кс: 

Potassium manganate is used to Prepare green Pigments. 
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Compounds of manganese (УП). " 

Manganese heptoxide or Permanganic anhydride (Mn;O;) is 
obtained as а heavy green oil (sp.gr.—2:4) by the action of ice-cold 
conc. H,SO, on pure potassium permanganate : 2КМРО, + 
2H,80,—2KHSO0,--Mn:0; t H:O. The oxide is stable at —5'C 
and below ; but at 0°C, it begins to give off oxygen, although the 
decomposition is slow upto 10°C. When warmed to 40— 50°С, it 
gives a violet vapour, the decomposition taking place with the 
evolution of ozonised oxygen and separation of manganous 
dioxide. It is a very strong oxidising agent, and combustible 
substances catch fire with its contact. It dissolves in cold water 
to give a violet solution of permanganic acid (HMn0,), of which it 
is the anhydride. As the dissolution takes place with the evolution 
of large amount of heat, partial decomposition of the resultant 
HMnO, invariably occurs. The structure of Мао; (which is 
similar to that of Cl,0;) is represented as shown below : 


oN о 
o-Mn-0—Mn-O ` 
o^ No 


O,) cannot be obtained as solid. It 


Permanganic acid (HMn 
It is formed when 


exists only in dilute solutions. (purple-red). 
MnSO, ог Mn(NOj) in hot nitric acid solution is oxidised with 
lead dioxide, periodic acid or potassium persulphate (in presence of 
AgNO, as catalyst) : 
2М180 , +5Р60 + 6HNO,=2HMn0,+2PbS0, 
4.3Pb(NOs)2+-4H20 ; 
ома(чо).+- 59101390 =2HMn0,+-SHIO;+ AHNO» 3 
2MnSO, + 5H.S,0,--8H,O—2HMnO, + 12H,SO,. 
The oxidation may also be effected by sodium bismuthate in the 
cold nitric acid medium : 
2Mn(NOs)2-+ SNaBiO,+16HNO, 
—2HMn0,-+-5NaNO,-+-5Bi(NOs)s +7Н,0. 
A pure solution of permanganic acid may be prepared by 
the reaction of potassium permanganate with hydrofluosilicie 
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acid, or by "adding ‘dil. H,SO, to a Solution of barium perman- 
Banate:  ' 

2KMn0,+H,SiF,=K,SiF, | --2HMnO, ; 

Ва(Ма0,), +Н,50,—вазо, Uu +2HMnQ,. 
The dilute aqueous solution of HMnO, can be concentrated upto 
20% strength ; concentrated Solutions 


and deposit manganese dioxide 8 4HMn0,=4Mn0, у +29,0 
+30, 1. Permanganic acid is a very str 


Permanganates ; Among the Salts оғ HMn0,, potassium 
permanganate is the Most important one. 
Potassium Permanganate (KMn0,) : 
generally ‘prepared 9D a large Scale. 
powdered Pyrolusite with KOH in free ac 
green mass of Potassium Manganate is е 
СО, is passed into the green solution till it reacts slightly acid, The 
Precipitated Мао, is filtered ang the purple Solution is concentrated 
to obtain crystals or KMnO,. [The reactions involed have been 
i sium Permanganate is now-a-days manufactured 
ion of Potassium manganate solution, when 
n; takes place without 


Potassium Permanganate is 
It is prepared by fusing 
fess of air. The resultant 
Xtracted with water, and 


anode) ; 


H,4 (at cathode) 
or, 2KMn0,+2H,0=2K Mn 


Properties of КМпо, : Potas 
purple glistening crystals with a рге 


en itidescence. It is moderately 
soluble in water. It decompose. à L 


further decomposed to giye Potassium manganite and oxygen : 
2K,MnO,=2K,Mn0;+0,}. When heated with H,SO,, potassium 
permanganate decomposes to form Mn О, with the evolution of 
oxygen : ООо TEE 450,4. 
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When boiled with concentrated alkali solutions, it is changed into 
potassium manganate with the liberation of oxygen: 4KMn0O,+ 
+4KOH=4K,MnO,+2H,0+0, +. 

Potassium permanganate is a strong oxidising agent. When 
mixed with powdered sulphur or charcoal, it burns violently. A. 
mixture of powder KMnO, and powdered oxalic acid spontaneously 
inflames within afew seconds. It oxidises conc. hydrochloric acid 
into chlorine in the cold : 2KMnO,+IG6HCI=2KCI+2MnCl,+ 8H,O 
+5Cl,. The oxidising action of KMnO, differs according as the 
reaction is carried out in acidic, neutral or alkaline medium. [See 
Vol. 1, p.256.] The oxidation by KMnO, in acidic (H,SO,) solution 
is illustrated by the following reactions, many of which are used in 
volumetic analysis : 

Ferrous salts are oxidised to ferric salts : 

2KMnO,+ IOFeSO,-- 8H,SO, —K,SO, J-2MnSO, + АЕ 

вО. 
Iodine is liberated from KI solution : 
2KMnO,+10KI+ 8H,SO,=6K,SO,+2MnSO, 4-51; - 8H,0. 
Oxygen is liberated from H,O; : 
2KMnO,+3H,SO,+5H,0,=K,SO, +2Мп50, 4-50; --8H,0. 
Oxalic acid is oxidised to CO, : 


2KMn0, 4-5H,C;0, +3H,SO,—=K,SO,-+2MnSO,+10CO, 
+8H,0. 


Sulphur dioxide is oxidised to H,SO, : 

2K MnO, +550; -2Њ0 =К „80, +2Мп50, +28,50,. | 

Nitrites are oxidised to nitrates : 

2KMnO, +5KNO,-++-3H,SO, = KSO, J-2MnSO, +5KNO, 6 

20. 

In neutral solutions, potassium permanganate oxidises bot 
solution of a manganous salt (in presence of ZnO) to MnO». This 
reaction serves as the basis of Volhard’s method of estimation of 
manganese (ZnO removes the acid produced) : 

2KMnO,+3MnSO, --2H,0 —5Mn0;-- KS0, --2H;SO,. 

Under similar condition, potassium permanganate decomposes 
H,O, with the formation of MnO,, and oxidises sodium thiosulphate 
to sodium sulphate : 2KMn0O,+3H,0O,=2KOH+-2Mn0O,+2H,0+4- 

~ 30, ; 8KMnO,+3Na,S,0,+ H,O=8MnO,+ 3Na,SO,+3K,S0, 
+2K0 
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In alkaline medium, KMnO, solution oxidises KI to KIO; : 
2KMn0, +H,0+KI=2Mn0,+2KOH+KIO,, 
Uses: Potassium permanganate is used as an oxidant in 


Sodium permanganate (NaMnO,) is prepared in 


a a manner similar to that of 
KMn0,, but the solution cannot be easily crystallised. The solution of NaMnO:; 


is generally used as a disinfectant (Condy's fuid). 


Analytical applications of 
stated, potassium permangana: 


volumetric analysis. The advantage of the Teagent li 
that its solution isi 


pletion of the titration. The draw-back of the reagent is the bad 
keeping quality of its solution, whose Strength gradually deteriorates 
due to slow decomposition into MnO,. [This is actually an auto- 
catalytic process, aggravated by MnO, formed by the reduction of 


de p ) For this reason, the reagent 
solution is to be standardised (against sodium oxalate or Морг 


salt) before accurate determinations, Further, as KMnO, is not 
> 4 


generally available in Perfectly pure Condition, it cannot be used as 2 
NO, should be stored in dark 


primary standard. The solution of KM 


KMnO, soln. is equivalent to ay milliequivalent of the reducing 
species in such reactions, Fe(II), oxa 
etc. are generally estimated by KMnO 
or neutral medium, KMnO, oxidises manganous salts to МпО, 42 

is itself reduced to MnO, ; the half-equation of this reactio? 


is, MnO, +49? + +3e=Mn0,+2H.0, In this case, the equivalent 
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weight of KMnO, is 4 of its molecular weight (see Vol. I, p. 257). 
Calcium can be estimated by precipitating the metal as calcium 
_ oxalate, thoroughly washing the precipitate and then titrating it 
with KMnO, soln. in warm dil. H,SO, medium. Oxidising agents 
can also be estimated in an indirect way by KMnO,, by first 
treating them with a known excess of a reducing agent and then 
back-titrating the residual reducing agent. 

Complexes of manganese : Manganese forms a large varieties of 
complexes in its different oxidation states. In fact, many oxidation 
states of the metal, which are quite unstable to form simpfe 
compounds, can be more or less stabilised by complex formation. 
We shall confine our discussion here to the complexes of Mn(II), 
Mn(III and Mn(lV). у 4 

Ми(П) complexes: Among the octahedral complexes, the 
hexoaquo cation, [Mn(H,0),]** is not very stable, but the hexam- 
mine [Mn(NH;),]** is more stable. Other octahedral species include 
complexes with ethylene diamine, oxalate, EDTA etc. A number 
-of tetrahedral complexes of Mn(II) are known, of which the tetrahalo 
anions [MnX,]*~ are important. 

Mn(III) complexes: In the trivalent state, manganese forms 
more or less stable halo-complexes like (Мас ]“, [Мас], 
[MnF,]?-, [MnF,]- etc. The tris-acetylacetonato, tris-oxalato and 
tris-malonalo-complexes of Mn(IID are also well-characterised. 
Salts of complex [Mn(CN),]*" ion are also known. 

Mn(IV) complexes : The chloro- and fluoro-complexes of Mn(IV) 
bave already been discussed. Complex ions of the type [Mn(IO9. 


are also known. 


M of Manganese : (i) A manganese com 
tion a iE a green mass of manganate. (ii) A mangan 
of MONS sodium bismuthate in nitric acid medium, 
of MnS Ax Gii) A solution of manganous salt produces a flesh-co! Х 
плете E H,S іп ammoniacal solution. (iv) Manganese sa 
MEI Ес: bead violet in the oxidising flame. IUDA Lk 
idis € 15 gravimetrically estimated by precipitating as мами Н.О, 
EDS as Mn;P,O, by igniting the washed precipitate. Volumetrically, manga- 
nese is estimated by oxidising it to HMnO, with sodium bismuthate, adding known 
excess Of MORES вао the filtered soli and then back-titrating with standard 
KMnO, soln. Tt can also be estimated by Volhard's method (See vol. I, р. 255). 


pound, on fusion with Na,CO, and 
ese compound, on oxida- 
produces à pink colour 
loured precipitate 
s stains the 


CHAPTER XX 


IRON, COBALT AND NICKEL. 
THE METALS OF THE EIGHTH GROUP 


The eighth group of the periodic table contains nine metals 
which constitute three' series of three consecutive elements each. 
In these three sets or triads of metals, the elements are placed side by 
side in the order of their increasing atomic numbers. The first triad 
comprises iron, cobalt and nickel (atomic numbers 26, 27 and 
28 respectively), having very close resemblance to one another, and 
is generally known as the iron group. The other two triads contain 
elements with atomic numbers 44 to 46 (ruthenium, rhodium and 
palladium) and 76 to 78 (osmium, iridium and platinum), and these 
are collectively known as the platinum metals. Each of these triads 
actually represents the central part of the series of transitional 
elements occuring in each of the three long periods of the periodic 
table. Thus, the metals of the iron group occur practically in thé 
middle of the elements of the firs; transitional series, starting from 
scandium and ending in zinc. We shall restrict our discussion in 
this chapter among the members of the iron group, i.e. among the 
metals iron, cobalt and nickel. Some important Bhysical properties 
of the three metals are stated in the table below: (See Table 20'!): 
[It may be noted that we shall be dealing in the following sectio? 
the comparative chemistries of the elements placed in a horizont? 
series, and not in a' vertical Series as was done with the othe 
elements in the previous chapters, ] 

The horizontal similarities between 
are greater than anywhere else in th 
the lanthanides. 


Occurrence: In all probability, iron і the most abundant metal 
available in earth’s crust. The core of the earth appears to consis 
largely of iron, together with considerable amount of nickel. 
abundance of these three metals in earth’, crust is as follows : 
5% ; Cobalt, 2:3x 10 % ; Nickel, 8x 19-3 9%. None of these me 


the metals of the iron grOUP 
© Periodic table, except among 


Tro?» 
tals 
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TABLE 201 
ee 
Property Tron Cobalt Nickel 

Atomic weight 55°84 59:97 58:68 
Atomic number 26 27 28 
Electronic configuration ДАГ] 3d*4s? [Ar] 3d74s* [Ar] 34345? 
Density (gm/c.c.) 7:85 88 8:9 
Atomic volume (c.c.) 71 67 66 
Melting point (°C) 1533 1480 1455 
Boiling point (°С) 2880 2900 2840 
Electrode potential (v) 

MjM** (25°С) —0:44 —0:28 —023 


occurs free in nature (except in small quantities in some meteorites). 
They occur together, not only in the periodic table, but also in 
nature as the sulphide, arsenide and silicate minerals. (Iron, how- 
ever, occur extensively as the oxide ores,) 


Gradation of some physical properties : As already stated, iron, 
cobalt and nickel are placed side by side along a horizontal series 
with serial atomic numbers 26, 27 and 28 respectively. As a result, 
much conspicuous differences among their properties are not 
expected. Thus, their atomic weights differ by small amounts. All 
of them are typically metallic in appearance and behaviour and all 
these metals are hard, malleable and ductile. Their density increases 
slightly from iron to cobalt, which is practically as dense as nickel. 
Their high melting points show gradual but small decrease from 
iron to nickel, but the boiling points are anomalous. The atomic 
radii (and consequently the atomic volumes) are small and they show 
very small decrease from Fe to Co, but are almost the same for 
Co and Ni. All these metals are magnetic substances—the magnetism 
of iron being the greatest, They are catalytically active ; finely 
divided nickel is most active in this respect and cobalt is inter- 
mediate between nickel and iron with regard to this activity. In 
the finely divided state, all these three metals occlude hydrogen. 


22 
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Chemical properties: In their chemical properties, the thre? 
metals of this triad show close resemblances which are reflected 18 
the following : 

(а) Electropositive character: The three metals are placed just 
below zincin the electromotive series, and as such, they behave 
as fairly electropositive elements. The electropositive character of 
these metals, however, gradually decreases with the increase of 
atomic number. This trend is observed in practically all the chemic? 
properties of these three metals. All the three metals liberate 
hydrogen from dilute acids, but the reactivity decreases іп Ше ordet 
Fe+CoNi. 

(b) Reaction with steam: Red-hot iron decomposes steam with 
the production of Fe,O,, but under similar condition, Co and Ni 
decompose steam with the formation of CoO and NiO. 

(c) Action of conc. HNOs: All the three metals are rendered 
passive by conc. HNO,. А 

(d) Action of moist air: Iron, on exposure to moist air, rusts 
with the formation’ of hydrated oxide ; but cobalt and nickel 210 
not affected by moist air. 

(e) Preparation of the metals: All the three metals are prepared 
by the reduction of their oxides by carbon or carbon monoxide. у 

(f) Oxidation states: Аз already stated, Fe, Co, and Ni 
belong to the first transition series of the periodic tul zd as such» 
they exhibit variable valency. The principal oxidation states of thes” 
metals are : 

Fe(+2, +3, +6) ; Co(+2, +3, +4) ; NiCE2, +3 +4) 
[The most stable oxidation states are written in bold letters.] A 
remarkable feature of this triad is the decrease in the stability ° 
the +3 oxidation state of the members i 
the increase in atomic number. 
are more stable than the Fe*? 


(in their simple salts) wit 
+3 galt$ 
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state. Hexavalent iron is known in ferrates which ate strong oxi- 
dising agents (even stronger them permanganate). Tetravalent cobalt 
and nickel occur in complex salts and also in oxides. Due to 
their variable valency, the salts of these metals often take part in 
red-ox reactions. Because of the presence of one or more unpaired 
electrons in most of their oxidation states, these metals form salts of 
different colours in their different oxidation states. These colours 
are generally : Fe*? (pale green), Fe*? (yellow) ; Co*? (pink), Co*? 
(blue or yellow) ; Ni*? (blue or bluish green). 

(g) Nature of compounds: (i) Oxides: All these metals are 
oxidised on heating in air to give the oxides. The oxide of the type 
MO, in which the metals (M) exhibit bivalency, are. formed by 
all the three metals and they are basic in character. The oxides M,O, 
of the metals in their +3 oxidation state are much less basic than 
the oxides of the type MO, and in fact they are amphoteric to some 
extent. [But, although FeO, gives rise to stable ferrites like 
Na,FesO, on fusion with sodium carbonate, Co,0; and Ni,O; do 
not form such compounds.]. Mixed oxides like FeO, and Co3O,, 
containing the metals in +2 and +3 oxidation states, are also 
formed. Cobalt and nickel form oxides of the type MO; in which 
the metals exhibits tetravalency. The oxides are capable of forming 
cobaltites and. nickelites. Iron does not form oxide in the tetra- 
valent state, but it forms ferrates ; corresponding to the unknown 
acidic oxide FeO;. 

(ii) Hydroxide: Fe, Co and Ni form hydroxides in the bivalent 
state. Of these, Fe(OH), Co(OH), are easily oxidised in air, but 
Ni(OH), is quite stable. Hydroxides of these metales in their triva- 
lent states are also known. 

(ii) Chlorides: Iron forms chlorides both in the bivalent and 
the tervalent states e.g. FeCl, and FeCl;, of which the latter is more 
stable. The other-two metals give chlorides in the bivalent state 
only, such as CoCl; and NiCl, The hydrated crystals of ferrous 
and ferric chlorides correspond to the composition FeCl;.4H;O and 
FeCl,.6H;O respectively, but those of cobalt chloride and nickel 
chloride have the composition CoCl,.6H,O and NiCl,.6H,O 
respectively. All these chlorides are strongly hygroscopic. The 
other halides are similar in nature and property. 
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(iv) Sulphates: In the bivalent State, all the three metals forms 
sulphates whose hydrated forms, MSO,.7H,0, are isomorphous due 
to the nearly equal ionic radii of the metal ions, M-?, These sulphates 
have a remarkable tendency to form double sulphates of the 5092 
MSO,.MiSO,6H,O (where M-—Fe??, Co*?, Ni*? and M! —NH2) 
which are isomorphous with one another. Iron and cobalt form 
sulphates in trivalent state also. Alums Cotaining ferric iron and 
cobaltic cobalt are. isomorphous. 

(у) Sulphides : 


All the three metals form sulphides in the 
bivalent State, and t 


hese are Precipitated as black substances од 
passing H,S in ammoniacal medium. Of these sulphides, FeS E" 
soluble in dilute minera] acids, whereas CoS and NiS are soluble 10 
conc. HCl, HNO, or in aqua regia. Ferric sulphide (Fe;S;) ap 
iron disulphide (FeS,) are also known, but the correspondiné 
compounds are not formed by cobalt and nickel. 


(vi) Nitrates: Fe, Со and Ni form water-soluble crystalline 


nitrates of analogous compostion, M(NO;),. GH.O, in their bivalent 


states. Ferric nitrate is also known, but Co(III) and Ni(III) nitrates 
are unknown. All the nitrates аг 


(vii) Carbonyls : 


Ni(CO),, of which Fe(CO); 
is a solid. 


(viii) Complex compounds : Allthese three metals form wis 
varieties of complex compounds, The capability of comple? 
formation of these metals is due to their low ionic radii and cm 
paratively large ionic charge anq availability of vacant orbitals ^ 
appropriate energy, which are utilised for bonding purposes сер 
this capcaity, cobalt has been found to be intermediate bet™ 
iron and nickel. They form both Complex cations and anions: r^ 
the complex cyanides, iron forms both ferrocyanides, [Fe(CN re 
and ferricyanides, [Ее(СМ№),]2-, оғ which the ferrocyanides ele Tito 
stable; Ka[Fe(CN)s] decomposes on exposure to light palti^ | 
K,[Fe(CN),)]. Cobalt also; forms cobatocyanides and КР ip 
cyanides, similar in composition to the iron compounds ; 
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this case, the cobalticyanides are more stable than the cobalto- 
cyanides which readily changes into the former by aerial oxidation. 
Nickel forms two types of cyanide complexes like K,[Ni(CN),] and 
K,[Ni(CN),], in which it exhibits bivalency and monovalency 
respectively ; but, these also are not so stable as the ferrocyanides 
or the cobalticyanides, and are dissociated in solution to certain 
extent to yield free Ni** ions. [In all these cases, the metals form 
the complex anions.] Among these metals, cobalt [used in the form 
of CoCl, or other Со(П) salts] is conspicuous in forming stable 
complexes in ammoniacal medium, and these are known as cobalt- 
ammines. In these complexes, the metal forms complex cations, 
e.g. [Со(№МН,),]*°, [Co(NH;);CI]^?, [Co(NH3),Cl;]** etc. 


COMPARISON AMONG IRON, MANGANESE AND CHROMIUM. 


Chromium, manganese and iron occur in the fourth period 
of the Periodic Table, belonging to Grs. VIA, VIIA and VIIT 
respectively. But, there are many close resemblances between these 
three metals. Allofthem are transitional metals which are very 
hard with high melting and boiling points. All of them exhibit 
variable valencies and form coloured and paramagnetic compounds. 
All these metals or their oxides are used as catalyst (generally in 
the finely divided state) in many syntheses. But, while chromium 
and manganese are diamagnetic, iron is paramagnetic. 

Chemical properties of chromium, manganese and iron are also 
analogous in many respects. All of them react with steam to. 
Produce hydrogen: 2Cr-+3H,O=Cr,0,+3H, + ; Mn+2H,0= 
Mn(OH),-++H, + ; 3Fe--4H,O—Fe,O,-4H; +. Hydrogen is also 
liberated by the reactions of the three metals with dilute acids : 
Cr+2HCl=CrCl,+Hz + ; Mn+2HCI=MnCl,+H;, 4 ; Fe-+2HCl= 
FeCl+H, +. The reactivity in these reactions decreases in the 
reverse order of the atomic numbers of the metals, which is reflected 
in their relative positions in the electrochemical series. Both Cr and 
Fe are rendered passive by conc. HNO, but Mn alone react with 
dilute HNO, to liberate hydrogen : Mn--2HNO;—Mn(NOj 4-H, $ . 

At elevated temperatures, only Mn and Fe react with carbon, 
sulphur and chlorine to form binary compounds. Only Mn combines 
with nitrogen at high temperatures to form a nitride. 
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АП the three metals form oxides in the bivalent state, viz. СТО 
MnO and FeO, which are basic in character. The stabilities of these | 
oxides follow the order: CrO<FeO<MnO. Similar trend in the F 
stabilities is also observed in the simple salts of the metals in ег 
bivalent states. The analogy between MnO and FeO is manifeste 
in the fact that, both of them dissolve in acids to produce manganous 
and ferrous salts respectively, which are capable of combining with 
certain alkali metal salts to give rise to isomorphous double 
compounds. Manganous salts, however, surpass the ferrous salts 
in stability. In the trivalent state, the metals form oxides of the 
type R,Os which are quite stable and mainly basic. The simple 
salts derived from these oxides are quite stable in the cases of (9: 
and Fe, but the tervalent manganese salts are generally unstable 
(except manganic fluoride, acetate and some phosphates, which am 
more or less stable). The similarity between Mn,O, and Fe,0s 
is also exhibited by the formation of isomorphous alums, У 
manganic alum, (NH,),SO,. Mn,(SO,);. 249,0 and ferric alum 
(NH,)2SO,.Fe,(SO,)3. 24H,O. The simple salts of the tervalent | 
metals, however, usually hydrolyse in aqueous solutions 
Manganese and iron also form the mixed oxides of the type као» 
which is absent in the case of chromium, In the tetravalent stat?” 
both Mn and Cr form oxides of the type RO, ; but Fe does not 
form such an oxide. Oxide of hexavalent chromium, CrO» ^ 
known; it is highly acidic. MnO, and FeO, аге not known Í 
the free state. But, the corresponding manganates and ferratés 
(such as KsMnO, and K;FeO,) are known, which are isomorphó"? 
with K,CrO,. 

All the three metals form similar complex cyanides both in d 
bivalent and tervalent states, such as chromocyanides and chro?" 
cyanides, manganocyanides and manganic 


: : an 
di yanides, ferrocyanides 
ferricyanides. 


IRON 
: 5 
Occurrence: Iron occurs abundantly in nature, second perhap 
only to aluminium. It constitutes about 4:2% of the earth : 
crust. As it is a fairly electropositive metal, it seldom orca 
native, but is widely available in combination with other eleme? 
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mainly as oxides, sulphide and carbonate. The important ores of 
iron are : the oxide ores, viz. haematite (Ее:Оз), magnetite (ЕезОз); 
limonite (2Fe,0;.3H,O) ; the carbonate ore, viz. siderite or spathic 
iron ore (FeCO;); the sulphide ores, viz. iron pyrites (FeS;) and 
copper pyrites (CuFeS;). 

Concentrated iron ores are available in large quantities in many 
parts of the world. In India, rich deposits of haematite.are available 
in Orissa, Bihar, West Bengal, Tamilnadu, Karnatak, Madhya 
Pradesh and Andhra Pradesh. Iron is extracted in this country 
mainly from haematite. Magnetite and siderite are also utilised at 
certain places for the extraction of iron, but the sulphide ores are 
seldom used for this purpose. 

Pure iron is rarely used for any important purpose, and in fact, 
it is also very difficult to obtain chemically pure iron ona large 
scale, especially to free it from carbon. All commercial iron are 
actually alloys of iron with various proportions of carbon, along 
with small quantities of some other metals and non-metals. 
Depending mainly upon its carbon-content, commercial iron is 
generally divided into three categories, viz. (i) Castor pig iron, 
(ii) Steel and (iii) Wrought iron. Cast iron generally contains 
2:0 — 4:53, carbon ; steel about 0:15— 1:594 carbon and wrought iron 
about 0°1—0°25% carbon. Iron is first obtained as cast iron during 
its metallurgy ; steel and wrought iron are usually prepared from 
cast iron. 

Extraction of iron: The- extraction of iron from haematite 
consists of two operations, viz., (i) Calcination or roasting, which 
is followed by (ii) Smelting or the reduction of the roasted ore, 
[When low-grade oxide ores are used, preliminary washing and 
magnetic separation is sometimes necessary:] 

(1) Calcination or Roasting: This operation is carried out by 
burning the ore with a little coal in shallow kilns with large access 
of air. Moisture, CO, (from carbonates), some sulphur and arsenic 
are driven off in the process and all the iron is converted into ferric 
oxide. The ore also becomes porous in the process and this helps 
better reduction during smelting. The powdered ore (roasted) is 
agglomerated by sintering, or briquetted into lumps of suitable size 
by the addition of some binding agent. 
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(2) Smelting: This operation is carried out in a blast furnace 
and it takes place in three stages, viz. (i) the reduction of ferric 
oxide to metallic iron by-CO and C, (ii) removal of siliceous 
gangue materials of the ore as calcium silicate (slag) by fluxing with 
the added limestone and (iii) melting of the iron and the slag by 
high temperature of burning coke and hot air blast. The two 
Separate molten layers of the metal and the slag are then taken out 
separately through two different outlets situated near the bottom of 
the blast furnace, 

The sintered roasted ore and about one-fourth of its weight of 
limestone are mixed together outside the furnace, It is then poured 
inside the blast furnace, through a cup-and-cone arrangement at its 
top, in alternate layers of half its weight of metallurgical coke, which 
serves both as reducing agent and fuel. 
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Fig. 20.1—Blast furnace with Cowper stoves, 
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The working of the blast furnance is started by burning wood on 
the hearth of the furnace. The hot gases coming out through the 
flue of the furnace are passed through dust catcher and washer, 
mixed with dry and clean air and burnt alternately in two Cowper 
stoves to about 800°C. The dry and hot air is then blown into the 
furnace, just.above its hearth, through a number of water-Jacketted 
iron pipes called tuyers, by means of powerful blowers. 


Function of the Cowper stoves: The Cowper stoves, used with the blast furnace 
during the extraction iron, function as heat-regenerators. The blast furnace gases, 
leaving the furnace during the extraction of iron, contain by volume about 12% CO;, 
28% CO, 4% CH, and 56% Ма. The large amount of CO, present.in the gas- 
mixture, is burnt in the Cowper stoves to generate heat to preheat the incoming air- 
blast. This economises fuel and helps to maintain the required high temperature 
iaside the blast furnace. 

The hot furnace-gases escape through an outlet near the top of the furnace and 
are then led to the Cowper stoves through a dust catcher and washer. The stoves 
are cylindrical iron towers which are lined inside with firebricks and packed with 
chequer brick-work, having a chanel at one side, where the furnace-gases are burnt. 
The hot products of combustion heat up the brick-work of the stoves. The two 
stoves are used alternately. When one stove is heated by the combustion of the 
furnace-gases to a high temperature, the coming gases are led to the other stove 
and are burnt there. Meanwhile, dry air is pumped by blowers through the heated 
stove and the preheated air-blast is sent into the furnace through the tuyeres. By 
the time this stove is cooled, the other one becomes sufficiently heated to preheat 
the air-blast to the required temperature, and so the air is allowed to pass through 
it and the furnace-gases are again led to the cooler stove for combustion. Thus, a 
continuous hot air-blasts through the tuyeres are maintained by regenerating heat 


from the combustion of the furnace-gases. 


Reactions occuring in the blast furnace during the extraction of 
iron: A large number of consecutive and- simultaneous reactions 
of complicated nature take place at different zones of the blast 
furnace during the metallurgy of iron. For the convenience of 
depicting these reactions, the entire length of the blast furnace may 
be divided into three zones of different temperature ranges, and the 
nature of chemical changes that occur at any particular zone may 
be easily discussed. З 

The temperature inside the blast furnace is about 400°C near its 
mouth and it increases gradually downwards, reaching a maximum 
of about 1500°C near the hearth. The hot coke in the hearth of the 
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furnace burns to carbon monoxide by the hot and dry air-blast 
through the tuyeres. [With excess of hot air available at the mouth 
of the tuyeres, carbon is oxidised first to COs, which is subsequently 
reduced to CO on passing through the upper layer of white-hot 
соке: C--0,—CO; ; CO,+C=2C0.] 

At the upper part or the throat of the furnace (near its mouth), 
the charge inside is preheated and dried ata temperature of about 
400°C prevailing there. In the process of descending through the 
furnace, the charge arrives at zones of gradually higher tempera- 
tures (see fig. 20.1). Atthe region where the temperature exceeds 


400°C, Fe;O; is reduced by the ascending CO into Fe,O, and partly 
to FeO : 


3Fe;O,--CO = 2Fe,0,+C0, ; 
Fe,0;+CO = 2FeQ+CO,, 
At somewhat lower region, Fe;O, is also reduced to FeO at a tem- 
perature little above 500°C: Fe,0,+CO = 3Fe0 4-CO,. A little 
further down the furnace, the prevailing temperature is above 600°C: 
and FeO is reduced here to metallic iron : FeO+CO = Бе + СОг' 
During this process, the resultant CO; is reduced by the hot carbon 
to CO, but a portion of CO is simultaneously decomposed i? 
contact with spongy iron into CO, and carbon. Thus, the following 
equilibrium is established : 2CO = CO,+C. Ata region where the 
temperature is about 900°C, the glowing particles of carbo? 
(resulting from the above equilibriated Teaction) and the carbon of 
the coke itself complete the reduction of the oxides of iron int? 
metallic iron: FejO,4-C = 3FeO-- CO ; Fe0 +C = Ре СО. Decom- 
position of limestone (used as flux with the ore) into CaO and CO: 
takes place at this stage, and the resulting CaO combines with th® 
siliceous impurities of the ore to form а slag of mainly calcium 
silicate: СаСОз = CaO+CO, ; Сао SiO,—CaSiO, The spongy 
jron absorbs at this region a considerable amount of carbo” 
to form iron carbide, Fe,C (cementite) and also some sulphur from 
the fuel used. Some Phosphorus is also formed here through ur 
reduction of phosphate. in the ore and i, absorbed by 1191 
Ca,(PO,),--38i0, —3CaSiOs-FP.O, : Р,0, 4 spe 55:0, sFeSiOs 
2P. Ata little higher temperature; Some silicate is reduced to silico? 
and is alloyed with iron : SiIO,+2C=Si4oc9, Calcium sulphat™ 
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present as an impurity in the ore is reduced here by iron and carbon 
to ferrous sulphide : CaSO,+Fe+3C=CaO+FeS+ 3C0. Oxides 
of manganese, present in irón ore, are also reduced here to the 
metallic state and is alloyed with iron. 

Near the bosches of the furnace, the temperature is about 
1100°C. The impure spongy iron (containing С, S, Si, P and Mn 
as impurities) melts here along with the slag. The fused mixture 
travels down to the hearth of the furnace (temperature about 
1500°С) and settles there in two distinct layers—the molten metal 
below and the lighter fused slag above it. The layer of slag 
protects the molten iron from the oxidising action of the hot air- 
blast through the tuyeres. 

The slag is removed at intervals through the slag-notch, while the ` 
molten metalis taken out through the tap-hole and cast into sand 
moulds to obtain cast iron, or is directly transferred to the steel- 
making furnace in the fluid state. The whole process is continuous 
and the furnace isallowed to run for years, until it is put out of 
commission for repair. 

Cast iron or pig iron is a hard, brittle an 
as such, it is not used for structural purposes. 
m of commercial iron with variable composition. A 
1—2% Si, 0:5-1% P, 
[In cast iron, 


d crystalline solid, and. 
It is the most 


impure for: 
representative sample may contain 2—5% С, 
0:3—1% S and 0:2—1% Mn, the rest being iron. 
carbon is present both in the free graphitic state or as carbide, FesC 
(cementite), sulphur as sulphide (FeS), phosphorus as phosphide 
(Fe;P), silicon as silicide (FeSi) and manganese as the free metal. 
Cast iron melts at about 1200°C and expands on solidification. It 
is, therefore, used as a good casting metal for the fabrication of 
drain pipes, gutters, covers of man-holes, railings etc. 

Cast iron (or pig iron) is usually distinguished into two 
varieties, viz. grey cast iron and white cast iron. In the grey variety, 
carbon: is present mainly as graphite, while in the white variety, it 

"exists in the combined state as cementite, FesC. The former dis- 
solves in НСІ with the evolution of H, and separation of a black 
residue of graphite; but, the latter gives a mixture of H, and 
hydrocarbons on such treatment. The approximate composition 


(per cent) of the two varieties are given below : 
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White Grey 
Graphitic carbon ла 3:045 = 
Combined carbon ves 0:704 2:98 
Silicon do 2:003 0:96 
Manganese ot 0:309 0:505 
Phosphorus ; Jh 0:037 141 
Sulphur 5: 0:008 0:28 
Tron ote Rest Rest 


Blast furnace slag contains mainly calcium silicate, together with some alumi- 


nium silicate, It is used for making cement and paving stone and also for metalling 
roads and for reclaiming low and waste lands. It also acts as a manure. 


Manufacture of wrought iron or Malleable iron: Wrought iron 
is purer than any other form of commerical iron (viz. cast irom and 
steel). It is manufactured from cast iron by removing most of the 
impurities by a process. known as the puddling process. Wrought 
iron is about 99:5% pure iron, containing 0:1—0:25% carbon, the 
rest being sulphur, silicon, phosphorus and manganese. 

In the puddling process, blocks of cast iron is smelted in 2 
reverberatory furnace with a lining and bed of Fe,O, or haematite- 
Silicon, manganese and phosphorus in the cast iron are oxidised tO 
their oxides by Fe;O; and then combine with it to form slag; 
sulphur is oxidised to SO; and is thus eliminated ; carbon is partly 
burnt to CO and escapes. The molten mass on the hearth of the 
furnace is frequently stirred or ‘puddled’ with a long iron pole (hence 
the name of the process), so that it comes into intimate contact with 
the furnace lining or the bed to bring about effective oxidation Of 
the impurities. The slag is removed from the upper surface of the 
molten mass. The melting point of cast iron gradually increases 
with the elimination of impurities present in it, and so it becomes 
pasty. The pasty material is collected in big lumps or blooms (cach 
about 40 kg. in weight) and squeezed under a steam hammer 10 
remove most of the contaminated slag. The wrought iron, thus 
produced, is forged into bars, 

Wrought iron melts at 1530°C. It is malleable but tough, and 
possesses a high tensile strength. It can be forged and welded: 
Wrought iron does not harden on heating to redness and subseque? : 
quenching in cold water. Itis generally used for making n2! 3 
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bolts, chain, sheets, anchor, agricultural equipments, pipes, rails, 
rods, beams, magnets and utensils. 


Manufacture of Steel : So far as the carbon-content is concerned, 
steel is intermediate between cast iron and wrought iron. The per. 
centages of silicon, phosphorus and sulphur are also less in steel than 
in cast iron, but the manganese-content is often higher. Some other 
metals like chromium, vanadium, tungsten, nickel, cobalt, molyb- 
denum and sometimes manganese are also incorporated during the 
manufacture of steel for the development of some desired and useful 
properties in it. The requisite carbon-content in steel can, therefore, 
be attained either by removing some carbon (along with S, P and Si) 
from cast iron and then adding the required amounts of the other 
elements, or by increasing the carbon-content of wrought iron by 
adding carbon (along with some other required elements) from 
outside. In yet another process, steel can be manufactured directly 
from pure iron ore and carbon in an electric furnace. Depending 
upon the nature of the reactions involved in the steel-making, the 


following processes have been developed : 


(1) The Cementation process. } From pure wrought iron. 
(2) The Crucible process. 
(3) The Open-hearth or Siemens-Martin process. } оа icone 
(4) The Bessemer process. 
(5) The Electric furnace process.—From pure ore and carbon. 
Now-a-days, however, the major portion of the steel is manu- 
factured by the open-hearth and the Bessemer processes from cast 
iron. According to the amount of phosphorus present in cast iron, 
each of the above two processes is modified into two different ways. 
If the cast iron is free from or poor in phosphorus, the acid process 
is used, while for the cast iron with high phosphorus-content, the 
basic process is employed. 
Carburization (i.e. the incorpora- 


1. The Cementation process : 
n is effected in this process by 


tion of carbon) of wrought iro 
packing its bars in charcoal powder in fireclay boxes and heating 
at red heat. Carbon is thus gradually absorbed by wrought iron in 
the solid state and steel is thereby formed. The duration of heating 
(which may extend upto several weeks) is adjusted according to the 
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amount of carbon intended to be incorporated in the wrought ігор: 
The steel produced in the process has blistered appearance at the 
surface and in commonly known as ‘blister steel’. This is melted in 
big plumbago crucibles and cast into moulds (cast steel or crucible 
steel). 

[ It has been suggested that, during the cementation process, 
solid carbon is not directly absorbed by the wrought iron to produce 
steel, as such an affair is possible only under very high pressure. 
Hot charcoal is possibly oxidised first to CO by the action of the 
limited amount of air enclosed in the boxes and this serves as the 
carburizing agent. Such carburization 
hydrocarbons, cyanogen etc. ] 


Case-hardening 8 Wrought or mild iron is often given a superficial coating of 
steel by heating it in contact with powdered carbon or potassium ferrocyanide- 
Case-hardened steel is very hard at the Surface, but flexible and soft inside. Armour 
plates are generally prepared by this process. The cementation process, as described 
above, is mainly used now-a-days to Prepare case-hardened steel 3 


Nitriding : This is another process to 
. Prepare surface-} the 
steel objects are heated at 500-600*C for ret ace-hardened steel. Here 


Е 80 hours i: ] А А 33%) 
ammonia (2NH:=2N+3H;), when the atomic in partially dissociated (33% 


nitrogen is ај ; at the 
surface to form a very hard coating of metal nitides bsorbed by steel 


is also caused by gaseous 


prepare certain high class st 
chisels, high-grade tools etc, 


3. The open-hearth or Siemens 


-Martin pro 3 u- 
6 cess : s man 
factured from cast iron in the о Steel i 


Pen-hearth process, Steel-making 


for working with cast iron of little D 
the hearth is lined with calcined magne: 
the basic process, When cast iron conta 
phosphorus is used. The furnace is he 
producer gas and air. The furnace is provided with two heat 
regenerators, one at each side. The regenerators are structures © 
chequer brick-works, through © which the producer ЕЕЕ mixture 


hosphorus-content, whereas 
Sia.or dolomite in the case © 
ining appreciable amount © 
ated by burning a mixture © 
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and the hot products of combustion from the furnace alternately 
pass. The pre-heated mixture of producer gas and air is burnt over 
the furnace. The heat of the burning gas-mixture is used to pre- 
heat (about 500°C) the fuel in the regenerators, thus effecting 
economy in the fuel and rendering the maintenance of high tempera- 
ture (about 1800°C) of the furnace possible. 


Fig. 20,2 — Open-hearth furnace. 


1 The direction of the entrance of the fuel through a regenerator and that of the 
exit of the hot products of combustion of the furnace through another can be 
reversed at intervals. So, while the fuel enters the furnace through one pre-heated 
regenerator at one side, the regenerator of the other side is heated by the outcoming 
hot gases from the furnace. When the former regenerator cools down, the directions 
of the fuel and hot gases are reversed, so that the fuel now enters through the heated 
regenerator and the hot gases come out through the cooled down regenerator, ] 


The charge of the furnace is mainly the cast iron (partly in the 
liquid state), delivered directly from the blast furnace, together with 
some iron or steel scraps and haematite. [Some limestone or lime 
is added in the basic process.] In the high temperature (~ 1800°C) 
of the furnace, the oxidising action of haematite (РегО;) oxidises 
carbon to CO and a part of sulphur to SO, which escape as gases, 
Phosphorus, silicon and manganese are converted into their oxides 
and form slag. [Phosphorus is eliminated only in the basic process 
as Саро; slag.] The remaining sulphur enters the slag as 
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calcium sulphide’ The following reactions take place in the ope?” 
hearth process : 
Fe,O,--3C—2Fe--3CO + ; 2Fe,O,--3S—4Fe +350, t ; 
5Fe;03--6P—10Fe--3P,0; ; P;,0,4-3CaO — Ca;(PO,); (slag) * 
2Fe,O4--3Si—4Fe--3SiO; ;  SiO,--CaO = CaSiO; (slag) : 
Fe,0,+3Mn=2Fe+3MnO ; MnO-4-SiO,—MnSiO; (slag). 

The operation of eliminating the impurities as above in the ope?” 
hearth process takes about 8-10 hours. The molten mass оп the 
hearth is then poured out into ladles by tilting the furnace and the 
upper layer of the slag 15 removed. Then a calculated amount of 
manganese is added in the form of ferro-manganese or spiegeleise” 


to the molten metal to remove sulphur as manganous sulphide (a5. 


slag) and for the deoxidation and re-carburization of the steel. 
little aluminium or ferro-silicon is also added at this stage to remove 
last traces of dissolved gases in the product. 

4. The Bessemer process: In this process, cast iron is де 
carburised and the other impurities are removed by blowing air 
through the molten material (received directly from the plást 
furnace) in a large pear-shaped vessel called the Bessemer converte 
The converter is made ° 
wrought iron plates rivett? 
together, with an inner lining 
and bed of silica and clay 


in the acid Bessemer proces? 
A wind-box is fitted at b 
bottom of the converted 2? 4 
the bed-lining is perforat? 
into a number of int 
(similar to the tuyeres 1? i 
blast furnace) for blown 
air under high pressure in! 
the converter. The conve? 4 
is supported on two Ol 
zontal arms (called trunnions) in such a manner that it сар Б 
tilted in a vertical plane іп any desired position for the convenit 
of receiving the charge, for blowing the blast of air 28 


Fig. 20.3—Bessemer converter. 


(or with refractory frre-bricks) 
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pouring out the finished molten steel. In the basic Bessemer process 

(also known as Thomas Gilchrist process), the inner lining’ and bed 

of the converter are made of calcined dolomite, magnesia or lime. : 
As in the open-hearth process, cast iron, containing little phos- 

phorus, is worked up in the acid Bessemer process and that 

containing appreciable amount of phosphorus is treated in the 

basic Bessemer process. 

. In the actual operation, the converter iskept in the horizontal 
position, when molten cast iron from the blast furnace is directly 
transferred to it. The air-blast is then turned on and the converter 
is swung to the vertical position with continued air-blowing. At 
the temperature of the molten charge, the fine jets of air first oxidises 
silicon and manganese to their oxides which form a slag. Carbon 
of the cast iron is then oxidised to carbon monoxide and burns at 
the mouth ofthe converter with a blue flame and shower of sparks. 


The blue flame dies out as soon as the carbon is completely oxidised. 


The air-blast is then discontinued by tilting the converter again 
the calculated amount 


into the horizontal position. At this stage, 
of spiegeleisen or ferro-manganese (an alloy of iron and manganese 
with carbon) is added to the molten mass for the re-carburization 
of iron to obtain steel of desired quality. The blast of air is again 
turned on for a little while for proper mixing, and the molten steel 
is then poured into moulds. The whole operation requires about 
10-15 minutes for completion and about 10-20 tons of iron can 
Бе processed in a single operation. 

Ferro-silicon, ferro-vanadium, ferro-titanium alloys and some 
metallic aluminium are often added to the steel prepared by the 
above process as scavengers for removing dissolved gases (Oe; №, 
CO erc.) from the molten steel so as to eliminate any enclosed gas- 
bubbles in the steel-castings. | 

The following reactions take place in the acid Bessemer process: 
2€--0,—2CO0 ; 2CO+0,=2C0, ; 2Mn4-0,—2MnO ; Si4-0,—8iO; ; 
$4-0,—S0,;  MnO-rSiO,—MnSiO; (slag) ; FeO4- SiO, — FeSiO; 
(slag). ў 

The operation procedures іп the basic Bessemer process are 
almost similar to those of the acid process. As already stated, the 
inner lining and bed of the converter in this process are made 


23 
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of calcined dolomite and magnesia. Some lime is added to the 
charge for effective removal of phosphorus. The air-blast is con- 
tinued here for a little more time after the sinking down of the plue 
flame of CO at the mouth of the converter to completely oxidise 
phosphorus. Phosphoric anhydride (P,O;) is formed by thé 
oxidation of phosphorus, and this combines with the lime added 10 
from a basic slag of Ca,(PO,)..CaO, which is removed before adding 
spiegeleisen. [The above basic slag is used as a useful fertilizer-] 
Comparison between the open-hearth process and the Bessemer process : Both 
Е the Processes utilize cast iron for the making of steel, but steel scraps can be used 
with cast iron in the open-hearth process, which is not possible in the case of thé 
Bessemer process. _Thus, the open-hearth process helps the disposal of Jarge accu" 
mulation of scraps in the steel-industry. The Bessemer process is no doubt quicker 
and cheaper than the open-hearth process ; but cast iron of certain specifie 
composition only is used in the Bessemer Process, while the low-grade cast iron cae 
hearth proce ler inthe fee a ae, Te greatest advantage of the орет 
» of much improved and superior quality C? 


be prepared by this method, while the stri i $ 
repa, , rict conti i s 
feasible in the Bessemer process, х ct ee 


The Duplex process: This is a combination of the Веззешет 


process and the open-hearth process steel: 
Here the rapidity of the DEA A eee ў 
close quality control of the ореп-һеагіһ process i 
the cast iron is first treated in the Bessemer co B 
manganese, silicon and a part of car 
obtained, is further treated in the open 
carbon, phosphorus and some of | 
with spiegeleisen is then effected in t 
plant at Jamshedpur makes large qua 


In this proces® 
er to eliminate 
bon. The product, thus 
-hearth. process to eliminat? 
he sulphur, Re-curburizatio® 
he usual manner. Tata ste 
tities of steel by this process 
The Lintz and Donawitz (L. D.) process : When steel is prepare 
in the Bessemer process by blowing air through molten cast 11917 
nitrogen (from the air) detereorates the mechanical properties of the 
product and badly affects the heat transfer in the mass inside the 
converter. These drawbacks have been Overcome by the Lint? 
Donawitz process, which is nothing but a modified Bessemer process 
In this process, the converter has a basic lining of calcined dolomit* 
or magnesia, and 95% pure oxygen is blown from above in 2 J^ 
under very high speed inside the molten cast iron. At the hig 


.the Bessemer or the open- 
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temperature attained during the process, almost all of the impurities 
(including phosphorus and sulphur) are eliminated. By controlling 
the oxygen-blast, the carbon-content in the product may be suitably 
fixed and the rapid control-analysis permits the keeping the silicon- 
content of the product at the desired level. The whole operation 
takes about 40-45 minutes for completion, and the quality of steel, 
thus produced, is much superior to that obtained by the Bessemer 
and the open-hearth process. The Rourkela Steel plant in India 
makes high grade steel by this process. Р 
(5) Тһе Electric furnace process or the Electrothermal process : 
Although it is possible by this process to prepare steel from cast iron, 
or even from pure haematite ELECTRODES 
ore, its high cost and non- 
availability of cheap electri- 
city in large quantities allow 
the processing of high 
quality steel only from the 
semi-finished products from 


A.D00R 
FOR 
CHARGING , 


hearth processes, or the 
production of special steels 
from steel scraps of known 
composition. The electric 
furnace, commonly used in this, process, is of arc-type (Heroult 
furnace) and is made of heavy steel shell in the shape shown in the 
figure. It has a basic lining of calcined dolomite or magnesite. The 
roof ofthe furnace is made of fire-clay or silica bricks, through 
which stout graphite electrodes are introduced. The furnance is 
provided with a door for charging at one end anda spout at the 
other end to pour out the slag and the finished product by tilting. 
The charge of semi-finished steel (from the Bessemer or the open- 
hearth process), with steel-scraps of known composition and some 
pure oxide ore of iron and lime, is introduced into the furnace 
through the charging door, so that some gap is maintained between 
the electrodes and the upper surface of the charge. A continuous 
arc is then struck between the electrodes and the charge by passing 
heavy alternating current of electricity through the water-cooled 


Fig. 20.4 – Heroult furnace. 
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electrodes. The charge melts by the large heat generated by the 
arc. At such high temperatures, the added iron oxide’ oxidises 
impurities like silicon, manganese and phosphorus, which ultimately 
form slag of silicates of calcium, manganese and iron, together with 
calcium phosphate. Carbon is eliminated as carbon monoxide. 
The upper layer of the molten slag is separated from the lower 
molten layer of steel by pouring off through the spout of the 
furnace by tilting. А further charge, consisting of some lime, sand, 
fluorspar, petroleum coke, together with some ferro-silicon, is the? 
added tothe molten steel in the furnace to de-oxidise the steel bY 
reducing any unreacted iron oxide. Iron oxide is first reduced 
(Fe,03;+3C=2Fe+3CO+) and sulphur (present as FeS) is the? 
removed as calcium sulphide by reacting with lime : FeS--CaO — 
CaS--FeO. The FeO formed is readily reduced to metallic iron and 
more FeS from the steel enters into the reaction with lime, till the 
Fat AA Fie. complete. The CaS produced 
: olten steel and is removed as slag. The 
molten Steel is then poured into moulds. The Steel obtained by this 
unu aedi a from S, P, any occluded gas-bubbles, and this 
| urized by adding requisite quantity of spiegeleise 
or special alloy-steels may be Prepared from it by incorporati? 
calculated quantities of the alloying metals as. their ferro-alloys. 
Steel of very high quality, as required for the fabrication ° 
automobile engines, transmission Systems, axles and wheels etc. is 
prepared by the electrothermal Process. Accurat d desire 
composition of the steel can be attained by this AR Y 


Properties of steel : 


Mild steel, containin, m 2 
n i a " s aS 
soft and ductile as wro g a small proportion of carbon, !5' 


ught iron. The ductilit Я 
Е : 7 y of steel d its tens 
strength increases with the increase of the amount of carbon rem WEE of tHe 


useful physical properties of steel depend not only on its carbon-content, but on 1 
tempering ot heat treatment. When red-hot steel is quenched suddenly by plungin’ 


into water or oil it becomes extremely hard but brittle, If the quenched stet! ^ 
re-heated to different temperatures, ranging between 239°.300°C. and then сооје 
; 


slowly, its properties are modified, depending upon (ће temperature of re-heatin 
This treatment веш temper ing or annealing of steel, a Pate of t 
temperature of (сарана сто degrees of hardness and ‘suena can 
imparted to steel to make it suitable for the Production of various articles such as 
razor-blades, knives, chisels, saws, swords, axes, watch springs etc. The melting 
point of steel generally varies from 1300°-1500°C, h 
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The special and alloy steels : Special or alloy steels are generally 
prepared in the electric furnaces from steel scraps, by adding some 
other metals to the molten mass. The alloying metals are commonly 
manganese, chromium, cobalt, nickel, molybdenum, vanadium, 
tungsten, titanium and silicon, which are added as their ferro- 
alloys. Often more than one of these metals are incorporated in 
the steel to develop certain special and useful properties in the 
products. Thus, alloy-steel containing about 2% Cr is very tough 
and such steel is generally used to prepare ball-bearings and armour 
plates. Stainless steel contains about 12-15% of Cr and it is resistant 
to corrosive action of weak acids. Staybrite steel contains about 
18% of Cr and 8% of Ni, and it is resistant to the corrosive action 
of saline water (sea water). High speed tool steel contains Cr 
together with molybdenum ог tungsten. This variety of alloy 
steel retains its hardness even at a red heat. Chromium-vanadium 
steel, containing about 1% of Cr and 015% of V, is very tough 
but ductile, and is used in aütómobile industry and for making 
axles. Alloy steel, containing tungsten and/or cobalt, is used for 
making permanent magnets. Nickel-chromium steel, containing 
3% of Ni, 0:5-1:5% of Cr and 0:3% of C, is used for making electric 
wires or cables, propeller shafts and parts of aeroplanes, motor cars 
and bicycles. Similar steel, containing higher percentage of Ni, is 
corrosion-resistant and is used for making motor engines. 
Manganese steel, containing about 10-14% of Mn, is very tough and 
is used for making stamping machines and jaws of crushers. A 
variety of nickel-steel, called platinite, contains about 42% of Ni, 
and it has the same thermal expansion as glass ; 50 platinite can 
be sealed in glass, Another variety of nickel-steel, called Invar, 
contains about 36% of Ni and 0:3% of C. It has negligible co- 
efficient of thermal expansion at ordinary temperatures and is used 
for making pendulums of clocks. Silicon-steel, containing about 
3:5% of Si and very litle carbon, is used for making transformers 
and electromagnets. Another variety of silicon-steel, called Duriron, 
containing 15-18% of Si, possesses high resistance towards attacks 
by acids. It is, therefore, used for making pipe lines, pumps erc. for 
the conveyance of acids. 


Pure Iron: Chemically pure iron, though of little practical use, 


| 
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may be prepared by electrolysing pure ferric chloride oa 
by reducing pure ferric oxide ina current of hydrogen at 100 ; 2 
It is also obtained as а fine powder by the thermal decompositio 
of Fe(CO), at 200—250°C : Fe(CO);—Fe-4-5CO +. \ н 

Properties of iron: Риге iron is a soft, bright and white E 
having a density of 785. It melts at 1530°C and boils at 2450°С. 
It is malleable and ductile, and is not hardened by quenching. The 
metal is attracted by magnet, It loses its ferromagnetism above 
760°C. [Iron metal, Prepared by heating the pure nitrate, carbonate 
or oxalate of iron in hydrogen, becomes Pyrophoric.] 


Allotropy of iron: Three different allotropic modifications of 
Pure iron are known. These 


Toperty and also in their ability tO 
dissolve carbon. These differ; 


ences are tabulated below : 
Property 


x-ferrite Tferrite o-ferrite 
a AMNEM О SEC С | PUA P C E 
Temperature range | Upto 906°C, 906*-1404^C, 1404°C-1537°C 
of stability, 
Hardness, Soft. Hard. — 
Crystal form, Body-centred Face-centred Body-centred cube- 
Cube. cube, 
Magnetic property. Strongly Non-magnetic, Non-magnetic. 
magnetic, 
Power to dissolve Nil. Readily dissolyes Dissolves carbon- 
carbon. carbon, 


As will be evident from the table, the transition of one allotropic 

form of iron to the other is represented by: 

906°C 1404°С 
aferrite = y-ferrite = 5. ferrite 

Carbon dissolves in iron, either to form a solid 
compound (carbide of iron): A solid) solution 
austenite. Again, molten iron, containing more 
deposits a carbide of iron of the composition 


solution or a somewhat definite 
of carbon in y-iron is known 25 
than 4:395 of dissolved UC. 
Fe,C, known as cementite. A 


IRON, COBALT AND NICKEL : THE METALS OF THE EIGHTH GROUP 359 


eutectoid mixture of cementite and «-iron has a pearly appearance and is known as 
pearlite. The characteristics of a sample of steel depend much on the relative 
amounts of austenite, cementite and pearlite in it. 

Iron burns brilliantly and is oxidised when heated to red-heat 
in oxygen, and the ultimate product of oxidation is Fe,0,. The 
metal is also oxidised to Fe,O,, when super-heated steam is passed 
over red-hot iron: 3Fe+4H,0 = Fe;0,--4H, |. Iron combines 
directly with sulphur, phosphorus, halogens, carbon, boron and 
silicon at elevated temperatures. As the metal occupies a higher 
place than copper in the electromotive series, it displaces copper 
from a solution of a copper salt : Fe+CuSO,=FeSO,+Cu | . When 
iron powder is heated at 120°C under pressure in carbon monoxide, 
iron pentacarbonyl, Fe(CO)s, is formed : Fe4-5CO — Fe(CO);. 

Iron dissolves in dilute НСІ or HsSO, with the liberation of 
hydrogen and the formation of the corresponding ferrous-salts : 
Fe4-2HCI—FeCl; +H: | ; Fe+H,SO,=FeSO,+H, 1. Various side- 
reactions occurs when the metal is heated with conc. H,SO,, and 
products such as ferric sulphate, 50,, S etc. аге formed. Very 
dilute HNO, reacts with iron in’ the cold to form ferrous nitrate 
and ammonium nitrate : 4Fe-- 10HNO;3—4Fe(NO;) + МИМО + 
3H,O. With moderately concentrated HNOs, however, ferric nitrate 
and nitrogen dioxide are formed : Fe--6HNO;— Fe(NO;);-- 3NO; + 
3H,O. The metal becomes inactive or passive on treatment with 
concentrated or fuming nitric acid. Iron does not react with 


alkalis at ordinary temperatures. 

When a piece of iron is dipped in conc. 
Such a piece of iron does 
r from the 


Passivity of iron : 
HNO;, it becomes inactive or passive. 
not react with dil, acids, nor does it displace coppe 
solution of the latter. This inertness of iron is known as passivity. 
This property of iron develops on dipping it not only in concentrated 
or fuming HNO,, it is also caused by similar treatment with other 
oxidising agents such as chloric acid, chromic acid and iodic acid, 
as also by exposing it to dry NO, and by anodic oxidation of the 
The passivity, however, is not equally enduring with all 
the agents mentioned. The passivity of iron can be removed. by 
scratching, bending and hammering the metal, or by heating it ina 
current of hydrogen. Many theories were put forward from time 


metal. 
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to time to explain this behaviour of iron. The oxide-formation 
theory, however, seems to be the most appropriate among them. 
According to this theory, the passivity of iron is due to the forma- 
tion of a very thin, colourless, adherent, continuous, invisible, 
transparent and amorphous superficial coating of iron oxide on the 
metal. This coating inhibits the normal chemical reactions of the 
metal. Ifby any method (such as those mentioned above), the 
Surface-film of the oxide is broken, the metal exhibits its normal 


activities again. [A piece of passive iron may also be made active 
by making it a cathode in an electrolytic c 


process of Corrosion ; i 
of the metal, 
of moisture, OXygen an 
Of rust is variable ; 
(Бе; 0;.Н,0), 


[It was th 
necessary for the rusting of iron ; but, it has now been known 
the presence of CO, is not essentia. 

The accepted mechanism of 


complicated electrolytic Process, in which anodic dissolution of iron 
takes place. The presence of impuriti 


‹ а ^ É -homogeneous 
character) in a piece of iron and its non-uniformity of surface (i.e. 

. 4 smd, 
the existence of strain due to mechanical effect at different places) 
produce inequality between different parts of the 


: р Same specimen 
and give rise to a difference of potential between these parts. On 


» Was 
that 
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contact with moisture (or water), these parts are connected together 
to form and act as short-circuited voltaic cells. In the first step 
of the electrolytic process that follows, iron is oxidisied to ferrous 
ions at the anode and hydrogen gas (from water) is formed at 
the cathode : 


Anode Cathode 
Fe—2e-—Fe** 2H,0—2H*-4-20H- 
Iron dissolves. 2H* 4-2e—H; 


Hydrogen formed. 

The Fe*+ and the OH- ions, produced in the action, 
combine into ferrous hydroxide, which forms ferrous carbonate 
with the CO, of the atmosphere : Fe (OH); + CO, —FeCO;--H;O. 
Ferrous carbonate is further oxidised by the oxygen of air to form 
ferric carbonate which is immediately hydrolysed by water to form 
hydrated ferric oxide or rust : Fe;(CO5)s-I- H;O — FesO;.H;,O 4-3CO,. 
The fact that the formation of rust (or corrosion) of iron is retarded 
by alkali, finds logical explanation by the above mechanism, in that 
the formation of H* ions neccessary for the above electrolytic 
process is thereby hindered. 

Rusting or other types of corrosion of iron is greatly increased by the acidic 
electrolytes such as metallic chlorides or sulphates, water containing organic acids 
due to decay of organic matter or even rain-water containing dissolved OXygen.or 
. acidic oxides such as CO, 50, etc. Corrosion is also effected by differential 
aeration of submerged iron articles (such as underground pipe lines), when their 
different parts are exposed to different concentrations ofaerialoxygen. In such 
cases, the least aerated parts become anodic to the rest and electrolytic action, as 
described above, sets in. Corrosion is also caused by electric railway tracts and 
tram-lines due to stray currents. 

Prevention of rusting : 

Rusting (or corrosion) may be prevented by protecting the 
Surface of the object by coating with metals (such as galvanising, 
sherardising, tinning, chromium or nickel plating) or with paints, 
coal tar, enamel etc. Production of a coating of ҒеО, on the 
surface of the object also protects it from rusting. Oiling or greasing 
the surfaces may temporarily avert rusting of an iron article. 

Uses of iron: As already stated, pure iron has got very little 
practrical use, except in some scientific work. It is used for the 
preparation of certain compounds of iron and also as a reducing 
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agent in conjuction with HCl. The uses of cast iron, wrought iror 


and different varieties of steel have already been enumerated while: 
they were discussed. 


COMPOUNDS OF IRON. 


Although zerovalent iron occurs in the carbonyls such as 
Fe(CO);, Fe,(CO),, Еех(СО);, etc., and the hexavalency of the metal 
isattained in the ferrates, iron is predominantly di- and trivalent, 
forming the ferrous and the ferric compounds respectively. The 
ferrous salts are easily oxidised to the ferric salts and thus act as 
good reducing agents. [The hydrated ferrous ammonium sulphate, 
FeSO,.(NH;),SO,.6H,O (Mohr's salt), however, is quite stable.] 
They produce almost colourless Solutions, which are very little 
hydrolysed by water. Ferrous hydroxide is a quite Strong base. 
Fe(II) salts, especially the sulphate, are isomporphous with the 
corresponding salts of bivalent metals like Co, Ni, Cr, Mn and Cu. 

_ The complex cyanide of bivalent iron, viz. [Fe(CN),]*- is а highly 
stable species. 

Ferric salts, on the other hand, act as mild oxidising agents. 
Their aqueous solutions are considerably hydrolysed in water, so 
that the solutions give acid reaction. Ferric ion is colourless (or 
faintly violet) in solution, as is shown by the solutions of ferric salt 
of strong oxyacids (such as SO,?-, NO,', CIO,- etc). The yellow 
or brown colour of the solutions of ferric haiides and some other 
Fe(III) salts is due to the formation of colloidal ferric hydroxide 
by hydrolysis. Anhydrous ferric chloride and bromide are predo- 
minantly covalent compounds and are volatile. Ferric iron forms 
very strong complex cyanide ion, [Ее(СМ№),]2-, and also strong 
complexes with phosphate, fluoride, tartaric acid, citric acid'etc, 

[ The easy oxidation of ferrous salts is evident from the oxidation 
potential of the reaction, Fe** — Fe**+e; pe —0'771V, which is 


such that even molecular oxygen can convert Fe(II) to Fe(III) in acid. 


solution: 2Fe**-+40,+2H*=2Fe*+-H,O ; E°=0-46V. Thus, in 
acid баон, ferrous salts quantitatively reduce permanganates and 
i III) salts : 
dichromates to Mn(II) and Cr( 
"ој 5Fe** --MnO; 4-8H* «5Fe*?--Mn** --4H;0 ; 
Ес. Cr; - I4H* --GFe**--2 Cr? 7H,0. 
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In basic solution, the oxidation potential is more favourable : 
Fe(OH),(s)-+OH-+1Fe203.3H,O-+e ; E°=0°56V. 

So, ferrous hydroxide almost immediately turns dark (due to 
oxidation) when -precipitated in presence of air. ] 

Oxides of iron: These compounds of iron are discussed together 
irrespective of the oxidation-states of the metal in them, mainly due 
to their tendency to become non-stoichiometric and because of the 
intimate relationship between their structures. Three oxides of iron 
are generally recognised, having composition FeO (ferrous oxide), 
Fe,O,(ferric oxide) and Fe,O, (ferroso-ferric oxide). 

Ferrous oxide (FeO) is obtained as. black pyrophoric powder 
(i.e. spontaneously oxidised with incandescence by air), when ferrous. 
oxalate is heated in air at 160°—170°C, or when ferric oxide is 
reduced by heating in a current of hydrogen at 300°C. It is a basic 
oxide and dissolves in dilute acids to form ferrous salts : 

FeC,0,=FeO+CO+ CO; ; Fe;Os-- H; - 2FeO -H;O ; 
FeO 4- H;SO, — FeSO,-- H;O. 

Ferric oxide (Ее,Оз) occurs in nature as the iron ore, haematite. 
It can be artificially prepared by igniting iron powder in air, or by 
heating the precipitated ferric hydroxide, [Fe(OH);], the lower oxide, 
iron sulphates.(both ferrous and ferric), ferric nitrate etc. : 

2Fe(OH);—Fe;O;--3H;0 ; 4FeO4- O; —2Fe;O; ; 
2FeSO,— Fe;O; 1- SO; 4- SO;. 

The colour of the products vary from yellow to red or dark violet 
(almost black). [The colour of the product obtained by strongly 
heating ferrous sulphate has a red colour, and it is used as a polishing 
powder or in cosmetic under the technical name, rouge.] When ferric 
oxide is heated to avery high temperature in air, it is transformed 
into ferroso-ferric oxide (Fe,O,). Ferric oxide prepared by heating 
at lower temperatures are soluble ia dilute acids to form ferric 
salts; but, strongly «ignited FeO, becomes insoluble even in 
concentrated acids. It is a weakly basic oxide (weaker than FeO) 
and that is why the ferric salts are considerably hydrolysed in 
aqueous, solutions. The oxide, however, exhibits some amphoteric 
character and it forms ferrites when fused with alkalis : 

Fe,0,-+-2NaOH - 2NaFeO,+H,0 + . 
Ferric oxide is quite stable. It is reduced first to FeO and then 
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to metallic iron when heated ina stream of hydrogen or carbon 
monoxide : 
FesO3+H,=2FeO+H,0 + ; FeO+H,=Fe+H,0}+. 

Ferroso-ferric oxide or triferric tetroxide (Fe,0,): This is 
generally considered as the mixed Беп_ реш oxide, which occürs 
abundantly in nature as black crystals of the mineral, magnetite. 
[It may also be regarded as ferrous ferrite.] It possesses a strong 
magnetic property and as such, is often knownas the magnetic 
oxide of iron. [In ancient times, pieces of magnetite were used 
under the name /odestone for ascertaining true directions. ] 

FejO,is obtained by passing super-heated Steam over red-hot 
iron : 3Fe+4H,O=Fe,0,+4H, 1. [This reaction was earlier 
utilised in the manufacture of hydrogen.] The oxide is also formed 
by heating iron in air to redness, or by stron; 
vacuum. It melts at about 1540°C and -is 
action of acids, hydrogen or chlorine. 
making electrodes in electrolysis and in arc 

{A hydrated form of this oxide, 
2Fe(OH), is also known. 
gives, on evaporation, cryst 
is also known. 
and Fe(III).] 


gly heating Fe,O, in 
fairly resistant to the 
It is generally used for 
lights. 

viz, Fe(OH), or Fe(OH),. 
A. solution of this compound in НСІ 
als of Fe;Cl,18H,O. Similar bromide 
These are considered as the mixed halides of Fe(II) 


FERROUS COMPOUNDS. 


Ferrous hydroxide, [Ее(ОН),], is formed as a white flocculent 
precipitate on treating a solution of a ferrous salt, in absolutely 
air-free condition, with alkali : 

FeSO,+2NaOH= Fe(OH), | +Na,SQ,. 
The white precipitate absorbs oxygen with the 
turns to a dirty green mass which turns Progressively darker, and 
ultimately changes to the reddish-brown ferric hydroxide, [The 
green product is supposed to bea basic ferrous ferrite, (OH)Fe.O. 
Fe(OH), The intense colour of the product is typical of compounds 
which contain the same element in two different oxidation-states.] 
Ferrous hydroxide is a strong reducing agent. 


greatest avidity and 


It dissolves in dilute 
acids to form ferrous salts, and in conc, NaOH solution to form 


sodium hydroxoferrate(II) : Fe(OH);--2NaOH —Na;[ Fe(OH)]. 
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Ferrous halides: All the four halides of bivalent iron, viz., FeF, 


FeCl,, FeBr, and Fel, are known. 


Ferrous fluoride (FeF:) is obtained as colourless, relatively insoluble crystals of 
ҒеЕ,. 8H,0, on dissolving iron in bydrofluoric acid and evaporating the solution, 
The anhydrous salt, also colourless, may be prepared by heating iron in hydrofiuoric 
acid gas at high temperatures, ог by heating the hydrated salt (or anhydrous ferrous: 


chloride) in a stream of dry hydrogen fluoride. 

Ferrous chloride, FeCl: : The hydrated salt, FeCl4H;O, is 
obtained as a pale bluish-green crystals on concentrating a solution 
of iron in dilute HCl in absence of air. Other hydrates with 1, 2 
and 6 molecules of water of crystallisation are also known. The 
anhydrous salt may be prepared as white shining flakes by passing 
a stream of dry НСІ gas over red-hot iron powder (or, by heating. 
ferric chloride in hydrogen, or by heating the hydrated salt in the 
absence of air). The compound is deliquescent in air and is highly 
soluble in water and alcohol. It melts at red-heat and volatilises. 


at about 1000°C. 

Ferrous bromide, FeBrs, is obtained as an anhydrous yellow crystalline substance’ 
by/burning excess of iron powder in bromine vapour. The hydrated variety, FeBr;. 
6H;O, is a green crystalline powder, which is obtained by strongly cooling a solution 
of iron in hydrobromic acid. When crystallised from solution above 45*C, the 
tetrahydrate, ЕеВг,.4Н,О, is formed. 

Ferrous iodide, Fel, is the grey product of the direct union on heating of the two 
components. At ordinary temperatures, iron gradually dissolves in water contain- 
ing iodine ; from this solution, green crystals of FeT,.4H;O are obtained on concen- 
tration in a desiccator. Higher hydrates are obtained on concentrating at low 
temperatures. Its solution is easily oxidised in air with the liberation of iodine. 
ae fee te eee 50°C, the hydrated salts or their solutions become black ; 

> is regained on cooling. 

: Ferrous carbonate, FeCO;, occurs in nature as siderite or spathic 
iron ore. It is formed asa white precipitate on adding a solution 
of an alkali carbonate to a solution of a ferrous salt: FeSO,+ 
Na,CO,—FeCO;|--Na,SO, The white precipitate, however, 
readily turns green on exposure to air and is finally transformed 
into reddish-brown ferric hydroxide. Ferrous carbonate dissolves 
in water saturated with CO, to form soluble ferrous bicarbonate, 
Fe(HCO;),, by which hardness of water is often caused. 

Ferrous nitrate [Fe(NO;),] is formed in solution by the double 
decomposition between lead nitrate and ferrous sulphate solutions : 
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Pb(NO,),+FeSO,=PbSO, | +Fe(NO,),. Тһе precipitated lead 
sulphate is filtered off and the filtrate, on evaporation in the cold, 
yields green crystals of the hexahydrate, Fe(NO;):.6H,O. It can also 
be prepared by dissolving iron filings in cold, dilute HNOs.- The 
salt is unstable and is ‘readily decomposed. 

Ferrous phosphate is formed as a colourless precipitate of Fe,(PO,)s.8H:0, on 
adding a solution of sodium phosphate to a solution of ferrous sulphate. 

Sulphides of Fe(IY) : Two sulphides of bivalent iron are known. 
These are : (i) the monosulphide, FeS and (ii) the disulphide, Реб. 
It should be noted that the metal in FeS, is not quadrivalent, but is 
actually bivalent, as has been shown by magnetic measurements. 
The bonding in the compound is very weakly ionic [Fet+(S,)=], the 
bonding forces involved are probably closely related in nature to the 
metallic bond. 

Ferrous (mono) sulphide: This compound is prepared by melting 
powdered iron and sulphur together, or by heating iron filings in a 
stream of dry H,S gas. [The substance is manufactured (for the 
generation of H,S) by the first method, and the dark grey technical 
variety is invariably contaminated with unreacted iron.] It is also 
precipitated as a black product on passing H,S gas through a solu- 
tion of ferrous salt in presence of sodium acetate, or by adding 
ammonium sulphide solution to a ferrous salt solution. 

Ferrous sulphide is practically insoluble in water, but it dissolves 
in dilute acids. The moist compound undergoes partial oxidation 
to ferrous sulphate on exposure to air. 

Iron disulphide (FeS,) is widely distributed in n 
mineral, iron pyrites. It can be artificiall 
suspension of FeS and S in water. The natural Product is golden 
yellow in colour. It readily loses sulphur on heating and burns in 
air with the formation of ferric oxide and sulphur dioxide : 4FeS,+ 
110,—2Fe,0;--880;. Itis insoluble in water ; but, the moist Беба 

is slowly oxidised by atmospheric oxygen to produce ferrous sul- 
phate and sulphuric acid : 2Fe8,--2H;0--70,—2FesO, +2H,S0,. 

Iron pyrites 18 used as an Important raw material for the produc- 
tion of sulphur dioxide in the manufacture of sulphuric acid. 

Ferrous sulphate (FeSQ,) : 


е The раје bluish-green, crystalline 
hepta-hydrate of fetrous sulphate, commonly known as green vitriol, 


ature as the 
Y Prepared by boiling a 
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is technically the most important salt of iron. [Fuming sulphuric 
acid or the ой of vitriol was formerly used to be prepared by the 
distillation of this compound and hence the name.] It is isomor- 
phous with white vitriol or ZnSO,7H,O and Epsom salt, MgSO,. 
7H,O. Other hydrates of ferrous sulphate are -also known. A 
pentahydrate, | FeSO,.5H,0, isomorphous with blue vitriol 
(CuSO,.5H,O), is obtained by crystallising its solution in contact 
with a crystal of the latter. The heptahydrate is prepared by dissolv- 
ing iron in dilute H,SO, and evaporating the resulting solution or 
by adding alcohol.to it. It is prepared on a large scale by weather- 
ing pyrites in moist air, whereby ferrous sulphate, along with 
fiee sulphuric acid is formed. The whole mass is leached with water 
and scrap iron is added. This reacts with the free sulphuric acid 
to produce ferrous sulphate and precipitate metallic copper from 
the cupric sulphate present in solution. Any ferric salt, present 
in the solution, is also reduced to the ferrous state. The liquid 
is filtered and evaporated to a small volume to crystallise ferrous 
sulphate heptahydrate. 

Ferrous sulphate heptahydrate forms light bluish-green crystals 
(density—1:88), soluble іп water. The crystals slowly effloresce in 
air and are superficially oxidised to brown basic ferric sulphate. The 
water of crystallisation are lost on heating (the last molecule is 
lost with much difficulty) to form the anhydrous salt as a white 
powder. This decomposes on stronger heating to form ferric 
oxide, sulphur dioxide and sulphur trioxide: 2FeSO,—Fe;Os4- 
80; | +50; 1. An aqueous solution of ferrous sulphate slowly 
oxidises inair; therate of oxidation is slower in acid solution 
than in neutral solution. Nitric oxide is absorbed by an aqueous 
solution of ferrous sulphate to form a brown addition-compound : 
FeSO,4-NO-—FeSO,NO. It forms double -salts with alkali 
sulphates or ammonium sulphate, and these -are isomorphous with 
similar double sulphates of many bivalent metals. The double 
sulphate with’ ammonium sulphate is popular under the name of 
Mohr’s salt and has а composition FeSO,. (NH4):SO,.6HsO. This 
is obtained as light bluish-green crystals on concentrating a mixture 
containing equimolecular proportions of FeSO, and (NHj4SO,. 
Mohr’s salt is less soluble in water and is less readily oxidised by 
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aerial oxygen than ferrous sulphate. 
analysis as a secondary standard. 
Ferrous Sulphate is used 
Prussian blue and also 
sometimes in medicine, 


It is largely used in volumetric 


in the manufacture of ink and 
in dyeing, preservation of wood and 
It also finds application as a fungicide. 


FERRIC COMPOUNDS. 


Ferric hydroxide, Fe(OH), is thrown down as a brown 


gelatinous Precipitate from a solution of a ferric salt on addition 
of ammonia or alkali hydroxide or carbonate : .FeCl;--3NaOH— 
Fe(OH), | --3NaCl ; 2FeCh--3Na,CO; -3H,0 —2Fe(OH), | --6NaCE 
+3CO,+. In nature, hydrated ferric Oxide, 2Fe,0;.3H,0, occurs 
as limonite, 

Ferric hydroxide is insolub 
form ferric salts. It is conve: 
precipitated ferric hydroxide 


le in water, but soluble in acids to 
Tted to FeO, on heating. Freshly 


is used as an antidote for arsenic- 
poisoningy Hydrated ferric oxide is. used in the Purification of 


coal-gas. Colloidal ferric hydroxide in used in medicine, 
Ferric halides: Ferric fluoride, chloride and bromide are 


known, but the iodide is not formed due to the reduction of Бе+++ 
by the I~ ion. 


e$, M;FeF, (M= 
nd is colourless in 
Ond to the Prussi 


an alkali metal) The 
Solution. This is the reason 


why Fet?-salts do not easily resp ап blue test in Presence of an 


excecss of a soluble fluoride, 

Ferric chloride (FeCh): тһе uma 
conveniently ;preparedibydlisdng iron filings in а current of dry 
chlorine gas. The product sublim: 


es and condenses in a cooled 
receiver as black scales (m.p. 300°C), 


- The crystals Vaporise at 280*C. 
The density measurement of the Vapour indicates that ferric 


chloride is present almost entirely in the form of dimeric molecules, 
Fe,Cl,, at comparatively lower temperatures (around 400°C) ; but 
above 750°C, the density diminishes, corresponding to the formula 


anhydrous salt 
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FeCl. The compound is also mono-molecular in alcoholic or 
ethereal solutions. 


~ 


Fig. 20.5.— Preparation of anhydrous FeCls. 


Anhydrous ferric chloride strongly absorbs moisture and fumes 
in moist air. Itis highly soluble in water and alcohol, with the 
evolution of heat. The compound forms a 
number of hydrates, when crystallised from Cl poy pat 
aqueous solution. The yellow ferric chloride 
crystals, ordinarily available, is the hexahydrate, 
FeCl;.6H,O. A solution of ferric chloride Ferric chloride (dimer) 
in water has a strong acid reaction due to hydrolysis : 
FeCl;--3H,O = Fe(OH),+3HCI. The solution of the salt rapidly 
coagulates albumen. 

Ferric chloride is mainly used as an oxidant in organic dye-stuff 
industry and as a. condensing agent arid chlorine-carrier in organic 
Synthesis. It is also used as mordant in dyeing. 

Ferric bromide (FeBr,) is prepared as reddish brown crystals by heating iron 


powder in bromine vapour. It resembles ferric chloride very closely. It decomposes 
into ferrous bromide and bromine on heating. 


Y Ferric nitrate, Fe(NO;);: The brown solution, obtained on dissolving metallic 
iron or ferric hydroxide is conc. HNO,, deposits amethyst coloured crystals of 
Fe(NO,);.9H,0 on evaporation, It is highly deliquescent. The brown colour of 
the aqueous solution of the salt is attributable to hydrolysis: Fe(NO;)s-+3H,C= 
Fe(OH),+3HNO,. It is used in dyeing and in medicine. 


ВСС arr FePO., is obtained as a white substance of the composition 
42H20, on adding a solution of sodium phosphate to a ferric salt solution. 

The compound is insoluble in water. 
Die R FeS: This is formed as a black substance when HS gas acts 
on ferric hydroxide, or when a solution of ferric chloride is mixed with a solution 


24 
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of colourless ammonium sulphide : 2FeCl; +3(NH,),S=Fe.S,+6NH,Cl. It is 
Somewhat stable when dry, but in the moist state, it is readily oxidised by atmos- 
pheric air to Fe,O, and S. 
Ferric sulphate Fe,(SO,),: The anhydrous salt is obtained as a 
yellowish-white substance by heating solid ferrous sulphate or ferric 
oxide with conc. sulphuric acid : 2FeSO,+ 29,80, Fe;(SO,)4- 
SO; + --2H,0 ; Fe;O;--3H,SO, — Fe.(SO,),--3H;O. The mixture is 
cooled, the supernatant acid is decanted off and the product is 
washed with alcohol and ether. For commercial purposes, however, 
ferric sulphate is prepared only in aqueous solution, by oxidising a 
Solution of FeSO, in dil. HSO, with conc. nitric acid: бЕе80,+ 
3H,80,--2HNO;—3Fe;(SO;);-- 4H,O--2NO + · Ferric sulphate forms 
several hydrates, which cannot be easily isolated in’ the pure state. 
The hydrated salt can be made anhydrous by cautious heating ; but, 
on stronger heating, the compound decomposes into ferric oxide and 
sulphur trioxide: Ее 50) =Ее,0,4-350, ^. Just like Fe(NOj)s, 
considerable hydrolysis of the salt takes place in the aqueous 'solu- 
tion, which is turned reddish-brown, On boiling the aqueous solu- 
tion, basic ferric sulphates of various compositions being formed, It 
forms double salts with alkali and ammonium sulphates. 


Ferric sulphate is used in the manufacture of ferric alum and 
Prussian blue. It is also used as 


siz à mordant in dyeing and in 
medicine. 


composition, MFe(SO. 
Where M-NH, Na, К, Rb, Cs 


alums, and are soluble in wate T » 
hydrolysis. Of the ferric alums, ferri y ppreciable 
alums are technically important 


ion of 
з and crystallising after 
mmonium sulphate or 
form colourless crystals, 
amethyst) colour due to 
5 impurity, Ferric alums 
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are used as mordants in dyeing industry and as a reagent (indicator) 
in volumetric analysis. 


Ferric thiocyanate: The intense blood-red ccloration, developed 
on adding a few drops of a solution of a ferric salt to a solution of 
an alkali thiocyanate (or ammonium thiocyanate), slightly acidified 
with dil. HNO ;, has been attributed to the formation of hexa- 
thiocyanatoferrate (III) complex, [Fe(SCN),]*-. This reaction serves 
as a very sensitive test for traces of ferric ion in solution. The 
colour is extractible in ether or amyl alcohol. The potassium salt, 
K,[Fe(SCN) ,1.2H;O, can be isolated as deliquescent dark-red crystals. 
The complex is very weak and undergoes extensive dissociation when 
dissolved in water (and hence, the colour fades away on dilution). 
The solubility of the coloured species in organic solvent has 
prompted some chemists to hold that undissociated species Fe(SCN), 
is formed in solution. Dark-red (almost black) crystals of Fe(SCN),. 
3H,O have also been claimed to have been isolated by evaporating 
the aqueous coloured solution. Some other chemists are ofthe 
view that the coloured species is the [Fe(SCN),]* ion. But, support 
to the formation of [Fe(SCN), ]2- ions in solution has been given by 
the results of the transport experiment in alcohol solution. Ferric 
thiocyanate is decomposed by alkalis. 


Ferrites and Ferrates: As already stated, Fe,O; is an amphoteric 
oxide and it dissolves in concentrated alkali solutions to form alkali | 
ferrites. [Powdered iron also slowly dissolves in very strong alkali 
solutions, with the liberation of hydrogen, to form ferrites: 2Fe+ 
2NaOH-+-2H,O=2NaFeO,+3H, t .] Thus, sodium ferrite is obtained 
as green or red crystals by dissolving freshly precipitated Fe(OH);, 
or by fusing FeO, with solid NaOH or Na,CO; : Fe(OH)s--NaOH— 
NaFeO,;--2H;O ; Fe;O44-2NaOH —2NaFeO;-- H;O ; Fe;Os--NasCO; 
—2NaFeO,--CO, |. Sodium ferrite is decomposed by boiling 
water: 2NaFeO;-H;O—Fe,O,4-2NaOH. Ferrites of bivalent 
metals like Mg, Zn, Pb, Mn etc. are also known. 


Although FeO; is unknown, the derivative of this hypothetical 
oxide, viz. the ferrates, are known. In these compounds, iron posse- 
sses a valency of +6 units and it occurs in the anion. The alkali 
ferrates may be prepared by heating iron filings with potassium nitrate, 
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or by oxidising a Suspension of freshly Precipitated Fe(OH); in alkali 
hydroxide solution with Cl, or Bro. They are also formed during 
electrolysis of warm alkali hydroxide Solutions between iron electro- 
des (preferably, cast iron) in a divided сеј: Fe4- 2KNO;—K;FeO, 
TN TO; ОН) + IKOH-F3Cl—2K. Feo, + Gk C1 8p. O B 
Fe--80H- — 6e—[FeO,]" J-4H;O. The dark-red mass, obtained by 
fusing iron with nitre, is leached with water and the clear solution 
is made alkaline with KOH, when deep-red crystals 
from the purple solution, The blood-red Solution, obtained in 
tke latter two methods of preparation, deposits deep-red crystals 
of the alkali ferrates on cooling to low temperatures, 


Separate out 


well as with sulphates, They are fairly stable j ion i Д 
of excess alkalis, but are rapidly decompo 


of oxygen. Ferrates are very strong oxidisi 
than permanganates, They oxidise a 
chromic salts to chromates, When a ferr 
dilute acids, oxygen is evolveq and 


ferric salts are produced : 
2Fe0, 7+ 10H+=2Fe* 4.20, 4. 517.0, 


Iron Carbonyls (See also chapter XV of this 


Iron pentacarbonyl, Fe(CO),, is a light yellow | 
4 index, Tt is formed by the action of carbon m 


at =20°C. Itis decomposed into metallic iron and CO on stron 


changes to the enneacarbonyl, Fe,(CO),, 


Iron enneacarbonyl, Fe(CO),, i 
and ether. It is formed, as already stated, by the 
Fe(CO)s. The orange coloured solid decomposes on h, 
with the liberation of CO and Separation of metallic iron : 
+3CO+Fe. But, when heated at about 50°C in presenc: 
enneacarbonyl forms dark green erystals of trimeric tetracar| 
green products decomposes on heating to СО а 
in the enneacarbonyl, 
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Oxalates of Iron: Ferrous oxalate, FeC,0,.2H,0, is obtained as 
a lemon-yellow precipitate on adding oxalic acid solution toa 
solution of a ferrous salt. The precipitate dissolves in an aqueous 
solution of potassium oxalate, and on adding alcohol to this 
solution, golden yellow crystals of the complex ferro-oxalate, 
K,[Fe(C,O,)].2H,O, separate out, This is a weak complex and 
its solution respond to all the usual tests of ferrous iron. The 
comp'ex salt is used as a developer in photography. 

On adding ammonium oxalate solution to a ferric salt solution, 
a brown precipitate of variable composition is formed. But, if 
excess ammonium oxalate solution is added, green crystals of the 
complex ammonium ferri-oxalate, (NH,)s[Fe(C.O,)3].3H,O, can be 
isolated from the solution. Other salts of ferri-oxalate are also 
known. When a solution of potassium ferri-oxalate is exposed to 
light, it passes to the ferrous state and CO, is evolved. [The 
trivalent iron oxidises oxalic acid to CO,.] The extent of this 
reaction is proportional to the amount of light absorbed and as 
such, it is used in actinometry (for the measurement of quantities 
of light). 

Complex Cyanides of Iron. 

Although the simple cyanides of Fe(II) and Fe(III) cannot be 
prepared, the complex cyanides of the metal in both the oxidation 
States are well-known as stable compounds, in which the metal 
Occurs in the anions with six coordinated cyano-groups. These 
are known as the ferrocyanides, [Ее(СМ),]*-, and ferricyanides, 
[Fe(CN).]**, according to their formation from the ferrous and the 
ferric ions respectively. The ferrocyanides and the ferricyanides are 
very stable complexes and do not give any usual test of iron or 
cyanide ions in aqueous solution. They are also not affected by 
НСІ, HNO, or alkalis, Ferricyanides are strong oxidising agents, 
especially in alkaline medium, changing more or less readily into 
ferrocyanides, which are, therefore, more stable than the ferricyanides 
in alkaline solutions. Ferrocyanides, however, are easily oxidised 


in acid solution into ferricyanides (by suitable oxidants) and hence, 
are quite unstable in such media. 


Ferrocyanides ; 


Among the ferrocyanides, potassium ferrocyanide 
K,[Fe(CN),] 


› is the most important compound. Ferrocyanides 
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of many other metals are known, of which the alkali and alkaline 
earth ferrocyanides are soluble in water, while the others are 
insoluble. 

Potassium ferrocyanide (vellow prussiate of potash) can be easily 
prepared in the laboratory by the action of excess of KCN solution 
on a solution of a ferrous salt, till the brown precipitate that is 
initially formed dissolves to give a clear yellow solution. The 
solution deposits yellow crystals of K,[Fe(CN),].3H,O on concentra- 
tion. [The compound can also be prepared in a similar way by 
dissolving iron filings in a solution of KCN.] 

Potassium ferrocyanide is Prepared on a large scale from the 
spent oxide of iron, obtained as a by-product in coal- 
The spent oxide is boiled with slaked lime 
cyanide, Ca;[Fe(CN),], is formed in Solution. The mixture is filtered 
and the clear filtrate is treated with potassium carbonate solution. 
Calcium carbonate is Precipitated, which is filtered off. The filtrate, 
on evaporation, yields crystals of potassium ferrocyanide. 

Potassium ferrocyanide, K;[Fe(CN),].3H,0 forms water-soluble 
yellow crystals which are quite stable in air, On gentle heating, 
the hydrated compound changes to colourless powder of the 
anhydrous salt. On Stronger heating, it decomposes into potassium 
cyanide, iron carbide and nitrogen ; K,[Fe(CN).]=4KCN+Fec, 
+34. On warming with dil, 2504, potassium ferrocyanide 


evolves HCN, but with the concentrated acid, carbon monoxide 
is formed : 


КЕ е(СМ),]--3Н,50,—3к,50 
K,[Fe(CN),]++ 6H;SO,-4- 6H,O 


gas industry. 
» when calcium ferro- 


1r K;Fe[Fe(CN),]--GHCN ; 
=2K,S0,+FeS0,-+3(NH,),S0, 


+6CO 4. 


The compound is oxidised to potassium ferricyanide by oxidising 


agents like chlorine, potassium permanganate erc, : 
2[Fe(CN),]4- + Cl;—2[Fe(CN),]5---2C1-. 

It forms a deep blue precipitate of Prussian blue (with the formula 
MiFe[Fe(CN)c], where M! is Na, K ог Rb) on reacting with excess 
ferric salts (See later). 

Sodium ferrocyanide Na,[Fe(CN )s]-10H,0, 
crystals by methods similar to those of p 
Silver and zine ferrocyanides, 


is prepared as yellow 
otassium ferrocyanide. 
AB[Fe(CN)] and Zn;[Fe(CN)s] 
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respectively, are formed as white precipitates, and copper ferro- 

cyanide, Cu;,[Fe(CN),, as chocolate-brown precipitate, by the 

' jnteraction of a solution of potassium ferrocyanide with solutions 
of silver nitrate, zinc sulphate and copper sulphate respectively. 

The free hydroferrocyanic acid, H,[Fe(CN),] is a white crystalline substance 

which can be prepared by adding conc. НСІ to a saturated solution of potassium 

ferrocyanide, followed by the addition of ether. It is soluble in water to form a 


strongly acidic solution. It is readily oxidised and partially decomposed in air 
to form Prussian blue. 


Ferricyanides : The most important member of this class of 
compounds is potassium ferricyanide. Ferricyanides of some other 
metals are also known. Of them, the alkali and alkaline earth 
ferricyanides are water-soluble, while most of the others are insoluble 
in water. 

Potassiam ferricyanide, K;[Fe(CN);], (red prussiate of potash) can 
be prepared by oxidising potassium ferrocyanide. The oxidation 
may be effected electrolytically, or chemically by using oxidising 
agents like Cla, Bre, Н,О,, permanganates etc. It is generally prepared 
by passing chlorine gas through an aqueous solution of potassium 
ferrocyanide : 2K4[ Fe(CN),]4- Cl; —2K;[ Fe(CN);] 4-2KCI. The 
resultant deep red solution yields red crystals of potassium ferri- 
cyanide on concentration. The product is separated from KCI by 
repeated crystallisation from water. 

Potassium ferricyanide is soluble in water. The aqueous solution 
is not very stable, as hydrolysis occurs. It is a strong oxidising 
agent, especially in alkaline media. It oxidises HS, 50;, N;H;, 
bromides and iodides, and is itself reduced to ferrocyanide. Mutual 
reduction takes place when a solution of K,[Fe(CN),] is added 
to an alkaline solution of hydrogen peroxide : 2Ka{Fe(CN).]+H0, 
T 2KOH-—2K,[Fe(CN);]--2H;0 4-O, +. 

When a solution of potassium ferricyanide is added to solutions 
of silver nitrate, copper sulphate or lead nitrate, red coloured silver 
ferricyanide, Ag;[Fe(CN),, greenish brown cupric ferricyanide, 
Cuj[Fe(CN),]; and brown coloured lead ferricyanide, Pb;[Fe(CN);];. 
16H;O respectively are precipitated. 


The free hydroferricyanic acid, HIFe(CN)], may be prepared as a brown 


crystalline substance by adding.conc, HClto a cold and saturated solution of 
K,[Fe(CN)e.- 
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Prussian blue and Turnbull’s blue: When a solution of potassium 
ferrocyanide is added to а solution of a ferric salt (excess), a deep 
blue precipitate of the formula M! Fe[Fe(CN),], commonly known 
as Prussian blue, is formed. The precipitate is insoluble in HCl, and 
the reaction serves as a sensitive test of iron (I). 

FeCls-+K,[Fe(CN).]=KFe[Fe(CN)] | +3KCl. 
The compound is decomposed when boiled with alkali solutions 
to form ferric hydroxide and alkali ferrocyanide : 
KFe[Fe(CN).]+3KHO=Fe(OH), | +K,[Fe(CN),]. 
On heating with conc. H,SO,, Prussian blue decomposes with the 
evolution of carbon monoxide. 


Prussian blue is used as a pigment. 


In an identical Manner, when a ferrous salt solution is added 
toa solution of potassium ferricyanide, a deep blue precipitate 
(known as Turnbull blue) is formed, The precipitate is identical 


Prussian blue, and the 


compound as the Prussian blue is formed.] 

On the other hand, ifa Solution of a ferrous salt is added toa 
cold and neutral Solution of Potassium ferrocyanide in complete 
absence of air, a white precipitate of potassium ferrous ferrocyanide, 
KgFel [Felt (CN),], is formed. On contact with air, this Substance 
readily changes to Prussian blue, KFe[Fe(CN),]. 


O: This compound 
iling sodium ferrocyanide with 50% HNO,. 
5 follows : po 

is boiled with 50% HNO, and the solution ¢ 
crystallises out. The crystals of KNO, are Temoved by filtration and 
the filtrate is neutralised with sodium Carbonate, On Concentrating 
the neutral solution, ruby-red transparent Crystals of sodium 
nitroprusside are obtained. 
Sodium nitroprusside is soluble in water and alcohol, 
deep violet solution of Na,[Fe(CN);NOS] wi 


tassium ferrocyanide 
ooled, when КМО, 


It forms a 
th an alkaline solution 
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of a sulphide or hydrosulphide, and the reaction serves as а test for 
‘their detection. – 

Tests: Iron salts can be detected by the borax-bead test ог the 
-charcoal-block reduction test in the dry way. Ferric salts form 
(i) a brown ppt. of Fe(OH); on treatment with ammonia or alkali 
solns., (ii) a blood-red colour with ammonium thiocyanate soln., 
and (iii) a deep blue ppt. with potassium ferrocyanide soln. 
(Pcussian blue). Ferrous salts give Turnbull’s blue test with a 
ferricyanide soln. 

Iron may be estimated gravimetrically by precipitating as Fe(OH) 
and then igniting it to FeO, and weighing. Volumetrically, it is 
estimated by titrating with astandard potassium dichromate or 
permanganate soln. after reducing previously to the ferrous state. 


COBALT 


Occurrence: Cobalt is a comparatively less abundant metal. 
Except the presence of the metal in very small amounts in meteoric 
iron, itis almost always available as minerals in combination with 
nickel and arsenic ; copper and iron are often associated with 
the ores of cobalt. [Some minerals of cobalt contain appreciable 
amounts of silver.] The principal ores of cobalt are Smaltite or 
Speiss cobalt (CoAs;), Cobaltite or Cobalt glance (CoAsS) and Erythrite 
[Cos(4s0,)].8H,O. They are mainly available in Canada (Ontario 
province), Sweeden, Mexico, Morocco, Congo and North Rhodesia. 
Small quantities of cobalt ores are available in the Rajasthan state 
of India. Very small quantities of cobalt are present in soil and 
the metal is a constituent of Vitamin By». 


Extraction : Cobalt is commonly extracted from smaltite and 
cobaltite ores, The powdered ore is at first concentrated by floata- 
tion process. The dried and concentrated ore is then roasted in 
air, when most of arsenic and sulphur are volatilised as Аѕ,Оз and 
80s, while iron is oxidised to iron oxide. The roasted ore is then 
mixed with sand and limestone, and the mixture is smelted in a 
small blast furnace in a current of air. The molten mass 
forms three distinct layers—(i) the upper layer consisting of 
slag of ferrous silicate and calcium silicate, (ii) the middle 
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layer (called speiss) consisting of a mixture of molten arsenides 
of cobalt, nickel, Copper, and iron and (iii) the lowermost 
layer (called bullion) containing easily reducible metals like 
Copper and silver. The upper layer of the molten slag is 
rejected ; the bottom layer of bullion is processed for the recovery of 
silver by blasting air through the molten mass. The middle layer 
of speiss is separated, cooled and powdered. The powdered speiss 
is mixed with excess of NaCl, and the mixture is heated in a 
Teverberatory furnace with a biast of air. Almost all of arsenic is 
volatilised in this process as As,O, and the chlorides of cobalt, 
nickel, copper and iron are formed. [Silver is also converted into: 


AgCl during the process] Тһе cooled mixture of the chlorides is. 
extracted with hot water, when all the metal ch 
pass into solution. It is filtered. 


bleaching Powder, so that only 
but nickel Temains in 


20=2Co(OH),+3Cacl,, 
» dried and ignited to form Co,0,.. 
metallic state by heating with 
charcoal or by reduction with hydrogen, or by the Goldschmidt's 
thermit process : 
Co40,4-4C —3Co4-4CO ; Co40,-L-4H. 

A very good method of separating cobalt fro 

former as its ammine complex, [Co(NH,),CIJCI,, 


2=3Co+4H,0. 


m nickel is by Precipitating the 


Fure‘cobalt may be prepared by Felectrolysing sa volition of cobalt sulphate: 
(Со50,) in aqueous solution containing NH,OH and (NH,SO,. 
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Properties : Cobalt is a silver-white, lustrous, hard metab 
(density—8:7 ; m.p.=1499°C). It is malleable and ductile. Like 
iron, cobalt is also ferromagnetic. The metal is unaffected by 
aerial oxygen at ordinary temperatures. But, when heated in air 
strongly, it suffers superficial oxidation. Water has no action on 
metallic cobalt at ordinary conditions, but steam is decomposed by 
red-hot cobalt : 3Co--4H,0 = Co3044-4H, +. Тһе metal readily 
dissolves in dilute HNO;, but slowly in dil. HCl or dil. H,SO,. 
Cold, fuming HNO; makes it passive. In the finely divided state, it 
can absorb a large quantity of hydrogen. At elevated temperatures, 
cobalt combines with sulphur, phosphorus and boron to form the 
corresponding binary compounds. 

Uses: Cobalt is used for making valuable hard alloys for the preparation of 
cutting tools, drills, surgical instruments etc, Steel containing about 35% of cobalt 
is used for fabricating permanent magnets. The metal is used for cobalt-plating. 
(similar to nickel-plating). Cobalt oxide is used for imparting blue colour to 
glass-wares and ceramics. Cobalt salts of some organic acids are used as driers in 
paints. Traces of cobalt have important biological action in animal and human 


systems, The radio-active isotope Со? is used in the treatment of cancer and as a. 
ready source of y-radiation. 

Alloys of Cobalt: Among the useful alloys of cobalt, mention may be made of 
stellite, which is a very hard and non-corroding alloy of cobalt, chromium and 
tungsten, Itis mainly used for making surgical instruments, cutlery, high-speed 
tools etc. Festel metal or cochrome is an alloy of cobalt with iron and chromium, 
It is used for making cutlery and heating wires for furnaces (similar to nichrome). 
Cobalt steel, containing about 35% Co is used, as already stated, for making. 
permanent magnets. 


COMPOUNDS OF COBALT. 


Cobalt usually exhibits bivalency in its simple salts, although 
a few stable simple compounds of tervalent cobalt are also known. 
But, in its complex compounds, the more stable species are generally 
formed by tervalent cobalt,—the complexes of bivalent cobalt being 
хам easily oxidised to those of Co (III), especially in alkaline media, 
This phenomenon is a good example of the stabilization of unusual 


oxidation states of metals (Co*** in these cases) through complex. 
formation. 


The aqueous solutions of cobalt (II) salts are generally pink in 
colour, which is probably due to the formation of the hexa-aquo 
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ion, [Co(H,0),]++ ; 


the anhydrous salts are usually blue in colour. 
If excess of CI- 


ion is added to an aqueous solution of a cobalt (1) 


salt, its pink colour is changed to blue due to the formation of the 
*hloro-complex, [Coc 


[Co(H,OJ,]** 4 4CI- = [CoCI*-4- 6H,O. 
Cobalt (II) or cobaltous compounds. 


Cobaltous oxide (CoO): Itis obtained as a pale olive-green 
powder by the thermal decomposition of cobaltous hydroxide, 
carbonate or nitrate in absence of air. It is a basic oxide and 
dissolves in acids to form cobaltous salts, 
oxides of zinc, aluminium or 


ium Cobaltiate, A] CoO,. 
Thenard's blue) ; magnesium Oxide forms grey mass, probably of 
magnesium cobaltiate, MgCoO,.] 


i ‹ On adding dilute ammonium 
hydroxide or sodium hydroxide solution to an aqueous solution of 


a blue Precipitate is first formed. 
wly Changes to 


is transformed into brown Co,0,. It 
solutions to form a deep blue soluti 
cobaltous salts. 


Cobaltous halides: АП the cobalto 


; us halides, yjz, cobaltous 
fluoride, chloride, bromide and iodide, ar 


e known. 

Cobaltous fluoride (CoF:): The anhydrous salt 
moderately soluble in water, by heating anhydrous Cobaltous chloride in a current 
of dry HF gas. The hydrated salt, CoF;.4H,0, is generally prepared by а 
cobaltous carbonate іп an aqueous solution of hydrofluoric acid and crystallising 
the product by evaporation of the solution. 


is obtained as a red powder, 
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Cobaltous chloride (CoCl;) : The anhydrous salt is formed as a 
hygroscopic pale blue substance on heating cobalt. powder in a. 
stream of dry chlorine gas, or by heating the hydrated salt, CoC),. 
6H,O, in a- current of dry HCl gas. The hexahydrate, CoCl,.6H.O, 
is generally prepared by dissolving the metal, its oxide or carbonate 
in hydrochloric acid and evaporating the resultant solution. It 
forms dark-red, deliquescent crystals which lose water on heating. 
below 100°C to form the lower hydrates. At about 120°C, the 
hydrated salts become anhydrous with partial decomposition. The 
anhydrous salt is soluble in some organic solvents like alcohol, 


ether efc. to give blue solutions. 
heat heat heat 
CoClh,.6H2O —- CoCl,.2H,O — CoCl,.H,O — CoCl, 
(red) (pink) (pink) (blue) - 

Cobaltous bromide (CoBr:): The dark green anhydrous salt is obtained by 
heating the powdered metal in bromine vapour, or by heating cobaltous oxide in 
dry HBr gas. The hydrated salts, CoBr;.6H;O (reddish purple) and CoBrs.2H,O 
(bluish purple) are also known. The anhydrous salt is very hygroscopic. 

Cobaltous iodide (Соб): The black coloured crystalline anhydrous salt is 
prepared by heating the metalin iodine vapour. The hydrated salt, Col,.6H:O, is 
obtained as dark-red crystals ou concentrating the red solution formed by the 
action of iodine and water on the powdered metal. 


Cobaltous carbonate (CoCO;): When a solution of sodium 
bicarbonate, saturated with CO,, is added to an aqueous solution of 
а cobaltous salt, in the cold, the pink coloured normal carbonate ог" 
Co(II) is precipitated. The salt is a hexahydrate, and forms double 
salts of the composition М„СО Сосо 46,0, where M—Na*, К+ or 
NHj. Basic cobalt (II) carbonates are precipitated when only 
P or NaHCO; solution is added to a solution of a cobaltous. 
salt. 

Cobaltous nitrate [Co(NO;)..6H,O] is obtained as slightly 
deliquescent pink crystals by concentrating a solution of the metal, 
its oxide or carbonate in dilute HNO. Other hydrates with 9 and 
3 molecules of water of crystallisation are also known. The 
hydrated salts cannot be made anhydrous by heating, as they are: 
decomposed into Co,O, at higher temperatures. The salt is soluble 
In water to give a pink solution. 

Cobaltous sulphide (CoS) : The black precipitate of cobaltous 
sulphide is thrown down om adding a solution of ammonium. 
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Sulphide or sodium sulphide to an aqueous solution of a cobaltous 
salt, or on passing H,S gas through an alkaline (ammoniacal) 
solution of a cobaltous salt. The compound is insoluble in water 
and dilute acids, but is soluble in concentrated HCl, HNO, or aqua- 
regia. [It may be noted that cobaltous sulphide is not precipitated 
by passing H,S through an acidic solution of a cobaltous salt (as 
in group II of inorganic analysis), but pine Соб is precipiated 
from alkaline medium, it becomes insoluble in dil. acids.] 


Cobaltous sulphate (CoSO,): This salt is 
heptahydrate, CoSO,.7H,O, on dissolving the me 
carbonate in dilute sulphuric acid and eva 
solution. The pink-coloured crystals of the 
in water. Itis isomorphous with green vit 
"NISO,.7H,O. Other hydrates of CoSO, 
compound forms double salts of the 


Obtained as its 
tal, its oxide or 
Porating the resultant 
heptahydrate is soluble 
riol (FeSO,.7H,O) and 
are also known, The 


Cobaltous thiocyanate : 
-added to an aqueous solution of 
reaction is best carried out in рг 
-coloured complex thiocyanate of Co(II), viz, 
evaporation. The blue colour is extractible by 
is often used to detect even minute amounts of 


(N HosCo(SCN);], 
ether or amyl alcoh 
cobalt. 


can be isolated by 
01 and the reaction 
Smalt: When oxides of cobalt are 
blue complex silicate of cobalt 
„smalt, and it is used as a pigment, 


fused with K,SO, and 510, 


3 5 Powder, а deep 
is obtained as a glassy product, 


This is known as 
Cobalt (III) or cobaltic compounds : 

compounds are known. This is due t 

highly powerful oxidising agent (E° C) which Oxidises 


-even water, with the evolution of oxygen. In fact, all the simple 
cobaltic salts are very powerful oxidising agents, 


Cobaltic oxide (Co,O;): When a solution of a cobaltous salt 
is treated with a solution of an alkali hypochlorite or alkaline H,O, 
Solution, a black precipitate is obtained, The black Compound is 
taken to be CosO, (hydrated) or cobaltic hydroxide, 


A very few simple Cobaltic 
о the fact that Со+++ 


isa 
—1.82 v at 20° 
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Cobalto-cobaltic oxide (СозО,) : This oxide is formed as a 
black powder when cobaltous oxide is strongly heated in air. 
Decomposition of cobaltous nitrate on gentle ignition also produces 
the oxide. Itslowly dissolves in acids to form solutions of the 
corresponding cobaltous salts and liberating oxygen in the case 
of H,SO, and chlorine in the case of НСІ. 


Cobaltic fluoride (CoF;): The anhydrous salt is obtained as a 
light brown powder by the action of fluorine on anhydrous 
cobaltous fluoride. The green coloured hydrated salt, СоЕз.3:5Н,О, 
is deposited at the anode during electrolysis of a saturated solution 
of CoF, in сопс. HF in the cold. The compound is unstable in 
aqueous solution, where it is hydrolysed into cobaltic hydroxide : 
CoF,4-3H,0—Co(OH), | +3HF. Cobaltic fluoride decomposes 
into CoF, and F, on heating. 

Cobaltic sulphate, Co(SO,);.18H,0: When a concentrated 
solution of cobaltous sulphate in 40%H,SOy, is electrolysed ina 
partitioned cell, anodic oxidation produces cobaltic sulphate which 
deposits as blue coloured needles on the anode. The compound is 
somewhat stable in solution in dil. H,SO,, but is immediately 
«decomposed by water, with the evolution of oxygen and forming 
cobaltous sulphate : 2Co,(SO;),--2H,O —4Co80,4-2H;S0, + Os +. It 
forms alums with the sulphates of Na, K, Rb, Cs and ammonium. 
The alums havesimilar composition to and are isomorphous with 
potash alum, chrome alum and ferric alum. But, it is unstable and 
decomposes in aqueous solution with the evolution of oxygen. 


COMPLEX COMPOUNDS OF COBALT. 


Bivalent cobalt generally forms labile complexs which are 
susceptible to oxidation even by aerial oxygen. They should, there- 
fore, be prepared in inert atmosphere. These complexes are either 
octahedral or tetratedral. [It fact, bivalent cobalt exhibits a greater 
tendency to form double salts.] On the other hand, tervalent 
cobalt, which form a few unstable simple salts, is known to produce 
innumerable complex compounds of very high stability with 
varieties of ligands. In fact, the number of cobaltic complexes much 
exceeds the number of known complexes of any other transition 
metal. The cobaltic complexes closely resemble the corresponding 
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Cr(II) complexes in many properties, although the former are 
somewhat more stable and more easily synthesized than the latter. 


Tervalent cobaltic complexes may be either cationic, anionic or 
neutralin nature, and all of them generally have octatedral struc- 
tures, the central Co*** possessing coordination number six. 
Among the whole host of cobaltic complexes, the most important 
are the cobaltammines, the cobalticyanides and the cobaltinitrites. 


Cobaltammines: Ligands like ammonia, amines (e.g. ethylene- 
diamine) efc. have particular affinity for Co(III) and form strong 
complexes which are commouly classified as cobaltammines, These 
are generally prepared by oxidising the aquo Co(II) ion in solution 
by aerial oxygen or hydrogen peroxide (often in conjunction with 
а surface-active agent like activated charcoal) in presence of excess 
of the ligands. The most familiar examples are the hexammine 
salts, [Co(NH;);]X;, and the tris-ethylenediamine salts, [Co(en)3]Xs> 
where X is one equivalent of an anion and en—ethylenediamine- 
The co-ordinated ligand molecules undergo slow exchange reactions 
and by gradual substitution of the amine ligand in the complex 
cations by negative atoms of groups 
with progressive variation in the charge of the complex ion may 
arise, forming ultimately the neutral complex : 
[Co(NH)¢]*®Xa->[Co(NH3)X]*?Xe->[Co(NH,),X,]*X> 


» & series of new complexes 


[Co(NH;);X;]^ 
The neutral NH; molecules inside the co-o 


tdination sphere may 
be replaced by other neutral ligands without altering the charge of 
the complex. 


Cobalticyanides: On adding a solution of 
to an aqueous solution of a cobaltous salt in the cold, a reddish- 
brown precipitate of cobaltous cyanide, Co(CN), is first formed. 
This precipitate immediately dissolves on adding excess of KCN 
solution to produce a deep red solution. Red or light violet crystals- 
of potassium cobaltocyanide, K,[Co(CN),], are obtained on adding 
alcohol to the deep red solution obtained above. Potassium 
cobaltocyanide is, however, very unstable, especially in solution. 
and is readily oxidised to potassium cobalticyanide, Kg[Co(CN)sl> 
either on exposure of air or on boiling its aqueous solution : 


potassium cyanide 
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4K,[Co(CN)_] -2H,0--O,—4K,[Co (CN) --4KOH ; 
2K.{Co(CN),]-+2H,0=2Ka[Co(CN).]+2KOH+ Ha Ac 

‘Potassium cobaltocyanide thus acts as a strong reducing agent. 

[It may be noted here that, while potassium ferrocyanide is more 
stable than potassium ferricyanide, the reverse is the situation in 
the cases of potassium cobaltocyanide and potassium cobalticyanide.] 

Potassium cobalticyanide, K,[Co(CN).] : An aqueous solution 
of potassium cobaltocyanide is boiled till the evolution of hydrogen 
ceases. The solution is then cooled and neutralised by adding acetic 
acid. The neutralised solution is evaporated to a small volume 
and alcohol is added to it in the cold. Almost colourless crystals of 
potassium cobalticyanide are obtained: These are filtered, washed 
with alcohol and-dried air. 

Potassium cobalticyanide is isomorphous with potassium 
ferricyanide and is highly soluble in water. It is a very stable complex 
and the aqueous solution does not give any test of cobalt or cyanide 
ions. The complex is also unaffected by HCl, HNO, or alkali soiu- 
tions. On heating with conc. H;SO,, the compound is decomposed : 

2K4[Co(CN),] + 1 На50 + 138, 0=3К,50,+2С080, + 

6(NH4)S0,4-11CO +, - CO; 1 . 
The silver, lead or copper salts of cobalticyanide are obtained by the 
action of solutions of AgNO», Pb(NO;), ог CuSO, toan aqueous 
solution of K3[Co(CN)d-- The free cobalticyanic acid, H;[Co(CN),], 
isastrong and stable acid which can be prepared as colourless 
crystals by removing the heavy metals by passing H,S through a 
suspension of their salts in water, filtering of the precipitated metal 
sulphide and concentrating the resultant solution : 

Cu,{Co(CN)ela+3HsS=3CuS | +2H3[Co(CN).]. 

Cobaltinitrites : Six mono-negative nitrite groups ог ions are 

associated with a tervalent. cobalt, ion to produce the complex 
. cobaltinitrite ion, [Co(NO;)f-, possessing three negative charges 
or valencies. 

Potassium cobaltinitrite, K|Co(NO;),] : One of the important 
cobaltinitrite complexes is potassium cobaltinitrite which is known 
as Fischer's salt. It is prepared by treating a solution of a cobaltous 
salt with potassium nitrite solution in presence of acetic acid : 

CoCh-+7KNO,+2CH,COOH 
=K,[Co(NO,),] 4 --2KCI--2CH,COOK 4-NO | +H,0. 
25 . 
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The compound forms yellow powder which is sparingly soluble 
in water. It is quite stable in air and in presence of light. The 
compound is used as water-colour and also in oil-painting and for 
colouring porcelains. In the qualitative analysis, potassium is 
detected through the formation of potassium cobaltinitrite, · 


Sodium cobaltinitrite, Na,[Co(NO,).]: When а concentrated 
solution of cobaltous nitrate in 20% acetic acid is mixed with a 
concentrated aqueous solution of sodium nitrite at 45-50*C and a 
rapid stream of air is passed through the mixture, 
trite is formed in solution. The compound is preci 

. powder on adding alcohol to the above solution : Co(NO),4- 
TNaNO,+2 CH;COOH=Na,[Co(NO,),] T «NaNO,4- 2CH;COONa-+- 
NOT+H,0. The compound is unstable in solution and 
decomposes with the liberation of oxygen : 2Na,[Co(NO,),]-+H,O 
=6NaNO,+2Co(NO,),+2HNO,+ iO. The compound is used as 
a reagent for the detection of potassium, 


Cobalt carbonyls : Two principal carbonyl complexes of 


cobalt are cobalt tetracarbonyl, [Co(CO),], and cobalt tricarbonyl, 
[Co(CO),],. [See also Chapter XIV of this Volume.] 


Cobalt tetracarbonyl 


Scdium cobaltini- 
pitated as a yellow 


is obtained as oran 
carbon monoxide Teacts with powdered cob: 


high pressure. The compound melts at 51°C, 
Cobalt tricarbonyl is obtained a 
tetracarbonyl slightly above its melti 
Tests of cobalt : 
formation of blue 
reducing flames. In the wet test. 


ge-red crystals when 
alt at г50-200°С under 


5 a black solid On heat 


ing the 
ng point. 


nitrite, when a solution 
of KNO, is added to a Solution of its Salt in Presence of acetic acid. 
A very sensitive test of cobalt in Solution is the formation of an 
intense blue colour on addition of 4 solution of ammonium thio- 
cyanate to a solution of a cobaltous salt in presence of acetone 
(Vogel's test). à 
Cobalt is estimated gravimetrically by heating gently a cobalt 
compound with conc. H,SO, and weighi 
It is also weighed as Co30, by igniting at 800° 
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complex of «-nitroso-g-naphthol. The electrodeposition of the 
metal from solution is also used for its estimation. 


NICKEL 


Occurrence: Nickel is found in nature in combination with 
sulphur, arsenic, antimony. and silica and is invariably associated 
with cobalt. The principal ores of nickel are: (1) Millerite, NiS ; 
(2) Niccolite and Kupfernickel, NiAs, and NiAs; (3) Pentlandite, 
(Ni, Fe, Cu)S ; (4) .Ullmanite, NiSbS ; (5) Garnierite, (Ni, Mg) 
SiO, H;O; (6) Smaltite, (Fe, Co, Ni)As; (7) Nickel glance, 
NiAsS. Of these, the most important are the sulphide-arsenide ores, 
available in appreciable quantities in the Sudbury district (Ontario, 
Canada) and the silicate ore (Garnierite) available in the silicate 
beds of New Caledonia (Australia). The Sudbury deposits constitute 
the main source of the metal. Nickel are also found in small 
quantities in Norway. In India, some nickel ores occur in Sikkim. 
Alloys of nickel with iron are found in meteorites. 

Extraction: Nickel is generally extracted from the sulphide ore 
like pentlandite, or from the silicate ore like garnierite. 

(A) From sulphide ore: The sulphide ore (Sudbury ore) is 
usually poor in nickel and contains not more than 3% of the metal. 
The powdered ore is first concentrated by the oil-floatation process, 
when the particles of the ore are collected in the froth which is 
skimmed off and the earthy gangue materials and other heavy 
impurities settle at the bottom of the tank. The concentrated ore 
contains about 25-28% Ni. It is roasted in a multiple-hearth 
furnace when most of the iron sulphide is oxidised to the oxide 
(with the elimination of SO;) but nickel and copper sulphides 
remain practically unaffected. The roasted materialis mixed with, 
sand, coke and limestone, and is smelted in a small blast furnace 
with controlled air-blast. During this operation, iron sulphide is 
practically completely oxidised-to iron oxide which reacts with silica 
to form a slag of ferrous silicate. Lime also combines with Silica 
to form calcium silicate which, along with ferrous silicate, forms 
the upper layer of the molten mass, and beneath it lies the molten 
matte of copper and nickel sulphides, together with some iron, 
The upper layer of the slag is removed, the lower layer of the matte 
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is taken in a Bessemer converter with basic lining, some silica is 
added and it is heated with hot air-blast. Here, most of the sulphur 
is oxidised to SO, and iron forms a slag of ferrous silicate. The 
slag is removed. The matte of copper-nickel sulphide at this stage 
contains about 56% Ni, 25% Cu, 14-17% sulphur and upto 0:59; 
iron. Copper and nickel may be separated from this matte either 
by (i) the Orford process or (ii) the Mond process. (i) The Orford 
process: In this process, the matte is melted with a mixture of coke 
and salt-cake (NagSO,) in a furnace provided with basic hearth. 
· Coke reduces Na,SO, at the high temperature into sodium sulphide 
which dissolves practically the whole of cuprous sulphide and‘ 
solution remains in the upper layer of the molten mass, 
lower layer contains all the nickel as nickel sulphide. 
layer of Cu,S-Na,S is removed and processed for the 
copper. The lower layer of nickel sulphide is solidified 
crushed and washed with water to Iemove any adhering sodium 
sulphide. It is then roasted with NaCl to convert any copper 
sulphide present into the chloride which is extracted with water and 
removed. The residual mass is calcined with Na;CO,, washed with 
water and dried, when nickel oxide is obtained. The oxide is then ` 
reduced B Strongly heating with charcoal powder or соке, In this 
Ер gold, silver and platinum metals are obtained as valuable 
y-products. (ii) The Mond's Process: This process is widely 
used for the Separation of nickel from the Bessemerised matte of 
copper and nickel sulphides. The Separation 
that nickel forms a volatile carbon 


the 
while the 
The upper 
recovery of 
by cooling, 


Other metals in the matte, viz. copper х 
carbonyls under the said Nip 95 ion, do not form such 

in Actual practico, ашан Of conser аза ноја sulphides 
(containing a little iron ) is roasted in a furnace whereby the otider 
of the metals are formed. These are then heated to 350°C in a 
current of water gas, when the oxides of copper and nickel are 
reduced to the metallic state, but iron oxide Temains unaffected. By А 
the consumption of hydrogen durin 


luring the above reduction, the 
employed water gas becomes enriched in carbon monoxide. The 
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mixture of the reduced metal ( along with a little iron oxide ) is then 
passed down a tower called volatiliser, provided with shelves, and the 
CO-rich water gas is passed up from the bottom—the temperature of 
the tower being maintained at about 60°C. Under these conditions, 
metallic nickel alone combines with carbon monoxide to form the 
volatile tetracarbonyl, Ni(CO),, which, along with the spent water 
gas, is allowed to pass through the decomposition tower, maintained 
at 180°C, The tetracarbonyl is decomposed at the prevailing high 
temperature and the metallic nickel is deposited on the nickel pellets 
kept inside the tower: Ni(CO),=Ni+4CO. The liberated CO is 
pumped back into the volatiliser to transform fresh batches of 
metallic nickel into Ni(CO),. The metal obtained in this process is 
about 99:99, pure. The precious metals of the ores are retained 
in the volatiliser and may be recovered by suitable processes. 

(B) From silicate ores: The crushed silicate ore, garnierite, is 
mixed with powder gypsum (CaSO,.2H;O) and coke. The mixture 
is smelted in a furnace, when the matte consisting of nickel and 
copper sulphides is formed. The major portion of iron in the ore is 
eliminated as ferrous silicate slag. The upper layer of the molten 
slag is removed and the lower layer of matte is oxidised in a Bessemer 
converted to produce oxides of copper and nickel. The oxides of 
the metals áre then reduced by carbon into the metallic state. Nickel 
is finally separated from copper by the Mond's process. The 
following reactions take place in this metallurgy : CaS0,4-4C— 
CaS--4CO ; CaS-- NISIO,—NIS + CaSiO, ; 2NIS+30,.=2NiO-+ 2805 ; 
NiO+C=Ni+CO. 


Electrolytic refining of nickel: Nickel extracted by any one. of 
the above processes is refined electrolytically by depositing from a 
solution of nickel ummonium sulphate at 20-25°С. Blocks of the 
impure metal are used as the anode and thin -polished pure nickel 
sheets are used as cathode. Silver, gold, platinum metals etc. are 


; obtained in the anode slime after the electrodeposition of nickel. 


Е Properties: Nickel is a hard, silver-white and malleable metal, 
with a specific gravity of 8:9. It melts at 1452°C and boils at 2730°С. 
The metal takes а high polish. It is magnetic below 340°C. 

Nickel is not affected by air or onygen at ordinary temperatures ; 
but, when heated in air (ог oxygen), nickel (Ш) oxide is slowly 
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formed. It does not react with water in the cold, but the powdered 
metal decomposes steam at red heat. Finely divided nickel absorbs 
large volume ( about 17 times its own volume ) of hydrogen. Nickel 
is very little acted on by dilute HCl and H,SO, ; but, it dissolves in 
dilute HNO,, concentrated HINO, renders the metal passive, Alkali 
solutions have no action on metallic nickel, 

Uses: Nickel is used for making crucibles (for alkali fusion ) 
and spatulas. Finely divided nickel is used as catalyst for hydro- 
genation of unsaturated organic compounds and also for hardening 
of fats and oils. It is an important constituent of many useful 
alloys (see below). The metal is used in electroplating ( nickel- 
plating* ) and in alkali accumulator cells. ~ 

Alloys of nickel: Many useful and im 
are known. These are : 

() Nickel-steel : It contains 2-5% 
rust-proof and possesses good elasti 
protective shields, parts of. automobiles 
etc. Invar is aspecial type of nickel- 


portant alloys of nickel 


Ni. Nickel-steel is very hard, 
city. It is used in making 
and aeroplanes, heavy guns 


s steel which contains about 
35%Ni, along with some manganese. Its co-efficient of expansion is 


very small and is used in making pendulu 
instruments, Another variety of nickel-stee] i 
It contains about 46% Ni and possessi 
expansion as glass, so that it can be easi 
platinum). It is used in electric bulbs and i 
is an alloy of iron and nickel ( containing 
Fe) which possesses high magnetic permeab: 

(ii) Copper-nickel alloys : 


Alloys containing about 25% Ni 
and the rest copper are used in making coins, while those containing 
about 20% Ni are used in making jackets of bullets, An important 
copper-nickel alloy is monel metal which. contains 67 о 


% Ni, 309 
and 3% (Fe+Mn). It is unaffected by hi 7 % Cu 


* For nickel-plating iron articles, they are first co 
and then made the cathodes in the electrolytic bath 
room temperature. Brass-articles are directly пі 
cathodes in the plating bath. 


ated with a thin layer of copper 
of nickel ammonium sulphate at 
ickel-plated by using them as 
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ornaments. Constantan contains 60% Cu and 40% Ni. It is used in 
making resistance wire and in thermocouples. Platinoid (60% Cu, 
24% Zn, 14% Ni and a little tungsten) is used for similar purposes 
as constantan. 

(iii) Nickel-chromium alloy: Nichrome (60% Ni, 15% Cr and 
25% Fe) isan important alloy of this class. It has a high melting 
point and is used in making wries of heating coils. 

COMPOUNDS OF. NICKEL 

Except one or two higher oxides, the simple compouds of nickel 
contain the metal in +2 oxidation state. 

Oxides of nickel: Two oxides of nickel are known. These are 
(i) nickelous oxide (NiO) and (ii) nickelic oxide or nickel sesqui- 
oxide, NisO3. 

Nickel (II) oxide or Nickelous oxide (NiO) : The compound is 
formed as a green powder, insoluble in water, on strongly heating 
nickel (II) hydroxide, nitrate or carbonate in absence of air. It 
dissolves in acids to form nickel (II) salts. 

Nickelic oxide or Nickel sesquioxide (Ni,O;): When nickel 
carbonate or nitrate is heated in air at about 300°C, nickelic oxide 
is formed as a black powder. The analysis of the oxide does not 
furnish a rigid composition of it and the results are often at variance 
with that required for Ni,Os. The black powder evolves Cl, 
and O, on dissolving in HCl and H,SO, respectively. 

When a suspension of nickel hydroxide in water is treated with 
chlorine or bromine, a black precipitate of hydrated nickelic oxide, 
Ni,O,.H;O, is formed. As the compound contains larger amount 
of oxygen than that required for nickelic oxide, it has been suggested 
to be a mixture of Ni,Os and NiO,. The electrolytic oxidation of 
nickel hydroxide in a medium of strong KOH solution also gives 
similar product. 

Nickel hydroxide, М(ОН), : On adding an alkali solution to 
an aqueous solution of a nickel (II) salt, nickel hydroxide is 
precipitated as a light green gelatinous product. The precipitate 
becomes granular on heating fora long time. It dissolves in dilute - 
acids to form solutions of nickel (II) salts. On dissolving it in 
ammonium hydroxide solution, complex nickelammine hydroxide is 
formed: Ni(OH)--4NH;—[Ni(NH;) (ОН). 
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Nickel halides: All the four nickel halides, e.g. nickel fluoride, 
nickel chloride, nickel bromide and nickel iodide, are known, both 
as the hydrated salts as also in the anhydrous state, The anhydrous 
salts, except nickel fluoride, ‘can be prepared by the direct interac- 
tion between the respective halogen and the finely divided metal at 
elevated temperatures. The hydrated salts are obtained by dissolving 
the oxide, hydroxide or carbonate of the metal in the corresponding 
hydrohalic acid and concentrating the resultant solution. 


Nickel fluoride, NiF,: The anhydrous salt sublimes and forms, 
on cooling yellow crystals, on heating a mixture of nickel chloride 
and ammonium fluoride ina current of dry HF, The hydrated 
salt, NiF:.3H,O, is obtained by concentrating a solution of nickel 


carbonate wr hydroxide in hydrofluoric acid. The compound is 
soluble in water. 


Nickel chloride, ХАС, is obtained as green deliquescent crystals 


of the hexahydrate, МІСІ,.6Н,О, when a solution of nickel oxide, 
hydroxide or carbonate in dilute hydrochloric acid is 
It is readily soluble in water, and the a 


the complex hexa-aquo species, [Ni(H,O),]*+. The crystals of the 
hexahydrate lose water on heating to about 70°С to form the 
tetrahydrate, NiCh.4H,O. On stronger heating, i 
chloride. The anhydrous salt sublimes and depos 
on heating the dehydrated salt in а current of dry НСІ gas. 


Nickel bromide (NiBr;) :- The anhydrous salt is yellow in colour, 
hexahydrate forms Breen crystals, They are Prepared by methods simil 
of the corresponding chlorides and have properties similar to the chloride, 

Nickel iodide (Nil): The anhydrous salt is black, whifé the hexahydrate is 
obtained as green crystals, The methods of 


en prepartion and the properties of the 
compounds are similar to those of nickel chloride, 


its as yellow scales 


while the 
ar to those 


Nickel carbonate (NiCO,): On adding a solution of a calculated 
amount of sodium bicarbonate to an aqueous solution of a nickel aD 
salt, an apple-green precipitate of NiCO,6H,O is obtained. If 
large excess of the precipitant is used, the double salt of the 
type NaHNi(COj;),.4H;O is precipitated. The addition of an alkali 
carbonate solution to a solution nickel (П) salt precipitates the 
basic carbonate. 
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Nickel cyanide, Ni(CN)s : When a solution of potassium cyanide 
is added (avoiding excess) to a solution of a nickel (II) salt, a green 
precipitate of hydrated nickel cyanide, Ni(CN):-xH:0, is formed. 
The hydrated compound loses water when heated at 180—200°C to 
produce the yellowish brown anhydrous salt. The freshly pre- 
cipitated hydrated nickel cyanide dissolves in excess of alkali cyanide 
to form a red solution containing the complex potassium nickelo- 
cyanide. On evaporating the red solution, yellow crystals of the 
complex salt, K;[Ni(CN),]-H;O, are obtained. Potassium nickelo- 
cyanide is not susceptible to oxidation (difference from potassium 
cobaltocyanide), but is readily decomposed by acids. 

Nickel nitrate, Ni(NO;);: On dissolving metallic nickel or its 
oxide or carbonate in dilute НМОд, a green solution of nickel nitrate 
is obtained. The solution gives green coloured crystals of the 
hexahydrate, Ni(NO;)2.6H,O, on evaporation at ordinary tempera- 
tures. Crystallisation at higher temperatures yields the lower 
hydrates of the salt. The anhydrous compound is formed by heating 
the crystals of the hydrated salt in fuming HNO; : Ni(NOs)2.6H,O+ 
6N,O;=Ni(NOs)2+ 12HNO3. Nickel nitrate is highly soluble ia 
water. : 
Nickel sulphide (NiS) is obtained as a black precipitate on passing 
HS through an ammoniacal solution of a nickel salt (or by adding 
a solution of ammonium sulphide to it). Nickel is not precipitated 
as NiS when H,S gas is passed through an acidic solution of a 
nickel salt; but, once precipitated from the alkaline medium, NiS 
does not dissolve in dilute acids. It, however, dissolves slowly on 
heating with conc. HNO, or aqua regia. 

j Nickel sulphate (NiSO,): Тһе heptahydrate of the salt, 
NiSO,-7H,0 , (isomorphous with Epsom salt, MgSO,.7H,0), is 
poer by dissolving the oxide or the carbonate of the metal in 
dilute H,SO, and evaporating the solution at the room temperature. 
The green crystals of the heptahydrate are highly soluble in water. 
On heating, it gradually loses water to form the hexahydrate, 
tetrahydrate, dihydrate and ultimately the anhydrous salt at about 
300°C. It forms double salts with ammonium sulphate and alkali 
metal sulphates. The double sulphates, NiSO,.M;S0,.6H;O (M= 
NHj or alkali metal ions), are isomorphóus with Mohr's salt. 
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Nickel ammonium sulphate finds useful application іп nickel- 
plating. i 

Nickel carbonyl, Ni(CO), : This compound is formed when carbon 
monoxide i$ passed over finely divided reduced nickel at 40-50°С. 
[Higher temperatures, along with higher pressures are often used 
in the preparation.] It may be prepared in the laboratory by the 
action of carbon monoxide on nickel (II) phenyldithiocarbamate : 
2М (s, SCNH.CHj--4CO--Ni(CO),--Niv(S, SC.NH.C;H,),- 

Nickel carbonyl is a colourless, volatile, highly E dui 
poisonous liquid (m.p.— —25C ; b.p.=43°C). It is easily онан 
by air and burns, when lighted, with a luminous flame. E 1 
decomposed above 150°C to form metallic nickel and pas on 
monoxide, The compound is insoluble. in water, but it ште 
in many organic solvents. Nickel carbonyl is not acted upon y 
dilute solutions of acids and alkalis. It reacts with chlorine " 
form МОЈ, and COCI, (phosgene) : Ni(CO),--5CI, = NiCl,J-4COC. 33 
Anhydrous HI reacts with it to produce Nil, CO and BIGRE 
Ni(CO),+2HI=Nil, +H, 4 --4CO 4 . (For the structure of the 
compound, see chapter XIV). 


COMPLEXES OF NICK EL 


Nickel forms large varieties of complex compounds in which 


oran anion. The bivalent nickel mainly forms c 
Co-ordination number of the metal is either 4 o 


anar or, Sometimes, 
metal are, as usual, 


organic ligands, the 
metal is generally covalent.] 


The mention of hexa-aquo complex ion, [Ni(H,OX]** and the 
cyanide complexes, [Ni(CN),J- have already been mage, Tetrahalo 
complexes of the type [NiCI,]?- are also known, 

Nickelammines comprise most important and interesting class o f 
complex compounds of nickel. : When the green aqueous solution 
or a nickel salt is treated with excess of ammonia sola EE UE 
solution results. This- solution, on concentration, deposits blue 
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crystals of the nickelammines. Complexes of the type [Ni(NH3);]Cls; 
[Ni(NH3).(H20)2]SO, etc. have been isolated. The complexes, con- 
taining diamines and polyamines as ligands, have also been isolated. 

Tests: Inthe borax-bead test, nickel salts turn the bead reddish brown in the 
oxidising flame and grey (ораде) in the reducing flame. A very sensitive test of 
nickel is carried out with the organic reagent, dimethyl glyoxime, which forms a 
bright red, silky precipitate with a solution of a nickel salt in slightly ammoniacal 
medium or in presence of sodium acetate. 


он о 
H34C-C ah N= t CH, 
CH,-C-NOH HC-C-N^ ow C— CH; 
CH,—C—NOH : о но 
Dimethylglyoxime Ni (ID-dimethylelyoximate 


Estimation of nickel is generally made by precipitating the metal as nickel 
dimethylglyoximate in slightly ammoniacal medium, filtering off the red precipitate 
through a sintered glass crucible and drying the washed precipitate at 110°C. From “ 
the weight of the red ppt., the amount of nıckel present in solution is calculated. 
[ Dimethyl glyoxime is an excellent reagent which permits the detection and estima- 
tion of nickel (even in small quantities) in presence of many other metals, including 
cobalt. } 


Other methods of detecting and estimating nickel in presence of cobalt : Nickel 
can also be detected and estimated in presence of cobalt by the following methods : 

(i) A solution, containing bothnickel and cobalt, is treated with an excess of KCN 
soln., when complex nickelocyanide and cobaltocyanide are formed. The mixture 
is then made alkaline with NaOH soln. and treated with Cl, or Brz. Black hydrated 
nickelic oxide, МО О, is completely precipitated, leaving the whole of cobalt 
in solution. The ppt. is filtered and dissolved in acid and nickel is estimated as 
usual with dimethyl glyoxime. 

Gi) A soln. containing nickel and cobalt is acidified with acetic acid and excess 
of potassium nitrate soln, is added to it. The whole of cobalt is precipitated as 
K,[Co(NO,),] and nickel remains in solution. The ppt. of potassium cobaltinitrite 
is filtered ‘off and washed well with water. Nickel is estimated in the combined 


filtrate and washings as usual. - 


MODEL QUESTIONS 
INTRODUCTORY CHAPTER. 
Essay-type : 


1. 


Narrate briefly the development of chemistry through different 
ages. í 


2. Name the important branches of chemistry, describing briefly 
the scope of each of them. j 

3. Discuss Dalton’s atomic theory in the light of the present- 
day knowledge of the structure of matter. What are the drawbacks 
of Dalton’s theory and how should they be modified to explain 
Correctly the nature of materials. 

4. Discuss the limitations of the Laws of chemical combinations. 
Show clearly how these laws can be explained by Dalton’s atomic 
theory, 

5. Why do the common gases sho 


w deviations from the ideal 
gas equation? How and wh 


constant temperature, 

Gi) Explain the term ‹ 
mixture. Deduce the rel 
à constituent gas and the t 
mole-fraction of the fo 
‘diffusion’ and ‘effusion’ 

7. What is the i 
chemistry ? What led t 


terms of the 


Tmer. What is the difference between 


of a gas ? 


Avogadro’s hypothesis. 
its value. 


atomic weight on an element, 
9. Enunciate *Mitscherlisch's law of i 


: element, 
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10. Discuss the phenomenon of ‘isomorphism’ How would you 
recognise whether two substances are isomorphous or not? Give 
examples in support of your statement. What is the difference 
between ‘isomorphism’ and ‘polymorphism’ ? 

11. What is the difference between ‘allotropy’ and ‘poly- 
morphism’ ? Give suitable examples. What are the different types 
of polymorphism ? Explain your answer with appropriate examples. 
What is ‘isopolymorphism’ ? Р 

12. Discuss the utility of the concept of mole in chemistry. 

13. What.are the various methods of determiniog the molecular 
weight of a compound? Describe a method of ‘determining the 
molecular weight of a volatile liquid, mentioning the precautions 
needed during the experiment and any apparent drawback of 
the method. 

14. What methods are available for determining the molecular 
weight of a water-soluble non-electrolyte compound? Describe 
one of the methods, showing the mathematical calculations involved. 

15. What do you understand by the term ‘limiting density of a 
gas or vapour’? Explain carly why the knowledge of limiting 
density of a gas (or vapour) is necessary for determining the correct 
molecular weight of a volatile substance. А 

16. Describe the effect of a non-volatile solute on (a) the 
freezing point and (5) the boiling point of a solvent. How are these 
effects influenced by the ionisation of the solute ? 

17. Discuss the laws governing the normal effect which a solute 
has on the freezing point ofa solvent. Indicate briefly the condi- 
tions which give rise to abnormal effects. When 0'3 gm. of a 
substance of molecular weight 150 is dissolved in 42 gms. ofa 
certain solvent, the freezing point of the latter is lowered by *(1233"C. 
When 0:27 gm. of another : substance is dissolved in 56 gms. of the 
Same solvent, the observed depression of the freezing point is 0:218°C. 
Calculate the molecular weight of the second solute. _ [415. 1082.] 

18. When 022 gm. of a ‘substance is vaporised in a Victor 
the volume ofdisplaced air, collected over water 
Calculate the molecular 
20°C is 1744 mm.] 

[Ans. 120] 


Meyer’s apparatus, 
at 20°C and 755 mm. pressure, is 46 ml. 
Weight of the substance. [The aqueous tension at 
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19. Describe the method of determining the molecular weight 
of-a non-electrolyte substance by the method of elevation of boiling 
point of its solution in a solvent. Calculate the molecular weight 
of a substance, if the boiling point of a solution of 37 gms. of it 
in 125 gms. of benzene is 0:44°С above that of pure benzene. [Къ for 
benzene—25:7? per 100 gms.] [Ans. 1773] 

20. Mention the conspicuous differences between a colloidal 
solution and a true solution. Discuss the important properties of 
a colloidal solution. В 

21. What are the different types of colloids? Give examples. 
Mention the usefulness of Colloids in industry and in our everyday 
life. ~ 

22. What factors influence the velocity of a chemical reaction 
and how? Enunciate the law of mass action and find out the 
value of the equilibrium constant of a reversible reaction with its 
help. Explain the terms K, and K, and deduce their inter- 
relationship. ~ 


23. What are the effects of change in condition of the reaction 
On its equilibrium state? Enunciate th 
predicts such effects. 
involved in the manufact 
contact process. 

"24. Describe the phenomeno 
types of catalysis are гес 
What theories have been 
of substances ? 

Short Answer type : 

1. White short notes on: (a) Exothermic and endothermic 
reactions ; (b) Disproportionation reaction; (c) Chain reaction ; 
(d) Inter-conversion of mass and energy ; (e) The limitations of the 
laws of stoichiometry ; (f) Van der Waals' equation ; (g) Joule- 
Thomson effect and its application ; (h) Diffusion and effusion of 
gases; (i) Physical and chemical atomic weights; (j) Mass- 
spectrographic method for determining atomic weight ; (k) Isomor- 
phism, polymorphism, isopolymorphism and allotropy ; (I) Mixed 
crystals; (m) Over-growth and parallel growth of crystals ; 


(n) Enantiotropy, Monotropy and Dynamic allotropy ; (o) Mole ; 


е guiding principle that 
Discuss the physico-chemical principles 
ure of NH; by Haber's process and SO; БУ 


n of catalysis. What different 

Ognised ? Give example of each type- 

put forward to explain the catalytic action 
| 
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bnormal vapour density of substances ; 
freezing point constants ; (s) Solubility 
curves and their utility; (t) Sols and gels; (u) Coagulation of 
colloids and Hardy-Schulze гше ; (v) Protective colloid and 
gold number ;-(w) Le Chatelier’s principle ; (x) Homogeneous and 
heterogeneous catalyses ; (y) Biochemical catalysis and enzymes ; 
(z) Induced catalysis. : 

2. Explain, why (a) Hydrogen and helium are heated up when 
compressed at ordinary temperatures ; (b) The foul smell of H;S gas 
îs perceptible on just entering a laboratory, ‘although the H,S-Kipp . 
is placed at the furthest corner of the room ; 

(c) The solubility of sodium carbonate ‘in water rises sharply 
upto 35°C and then gradually diminishes with the rise of tempera- 
ture; (d) Turbid water may be clarified by adding common alum ; 
(e) SO, can be liquified at ordinary temperature by applying high 
pressure ; (f) The molecular weights of compounds, determined 
by measuring their vapours at room temperature, are not accurate ; 
(g) A very small quantity of a catalyst should, theoretically, be 
sufficient to bring about the reaction of unlimited quantities of the 
reactants ; but, this is not true in actual practice ; . (h) Colloidal 
As,S, is readily precipitated by the addition of a small amount of 
АІСІз, while larger amount of NaCl is required for the same preci- 


(p) Limiting density ; (9). А 
(r) Molal boiling point and 


pitation. 
Objective-type : 

1. Fill up the blanks : 

(a) The value of Avogadro’s number is — . 

(b) The value of R (gas constant) is — calories per degree 
(absolute) per mole. 

(c) COs is — compressible than H,. (use more or less). 

(d) The term ‘b’ in the Van der Waals’ equation is called — . 

(e) A heavy gas diffuses at a— rate than a lighter gas, (use 
‘lower’ or ‘higher’)- з 

(f) The rate of diffusion of H, is — times that of oxygen. 

(g) Red and yellow varieties of НЕТ are examples of — . (use 
‘isomorphism’ or *polymorphism'). 

(h) Density of NH,CI vapour will — with the rise of tempera- 
fure. (use ‘increase’, ‘decrease’ or ‘remain same’). 
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(i) А mixture of 2 moles of H, and 1 mole of He occupies — 
litres at N.T.P. J | 

2. Decide whether the following statements аге true or false : 

(a) Isomorphous substances must possess similar formula. 

(b) Polymorphism and allotropy are similar phenomena. 

(c) When a chemical reaction attains equilibrium, all the reac- 
tions stops. / / 

: (d) An exothermic reaction is favoured by the a 

of heat. t 

(e) As the use of a catalyst often produces good yield in a 
chemical process, it can change the state of equilibrium of a reaction 
forming a particular product. : 

(f) The equivalent weight of an element is invariable. 

(g) Only ionic compounds dissolve in solvents like water. 


(h) The number of molecules in 2 gms. H, and 71 gms. Cl, are 
the same. 


(i) A Beckmann thermometer is used in 
to find out accurately the exact freezing point 


pplication 


the cryoscopic method 
of the solution. 


CHAPTER I: ATOMIC STRUCTURE. 


Essay type : 
Ll. Discuss the princi 


ples underlying (i) Thomson's method 
of determining e/m ratio for the electron and (ii) Millikan’ 


ERA s method 
of determining the charge of the electron. Give the values of the 
electronic charge and mass. 


12. What is the value of the 


charge on an *-particle? Com- 
pare the value of the e/m ratio of an &- 
В-рагіїсІе. What will be the value o 


is Concentrated at minute 
‘nucleus’ placed at the centre of the atom. 


(c) All the positive charge of an atom is 

(d) Electrons, equal in number to the 
nucleus, are present in an atom. 

(e) These electrons revolve round the ny 
circular orbits with a velocity so that, the 


located at the nucleus. 
Positive charge'in the 


cleus in far away 
Centrifugal force of 
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circular motion is exactly balanced by the centrepetal force due to 
the attraction of positive nucleus on the negative electrons. 

Justify each of the above statements in the light of the results 
obtained by Rutherford in his famous experiment on the Scattering 
of «-particles by very thin metal foils. 

1:4. What is the relation between the energy of a quantum of 
radiation and its frequency ? Give the numerical value of Planck's 
constant along with its dimensions. What is meant by wave number ? 

1:5. What were the defects of the nuclear atom of Rutherford 7 
How did Bohr overcome those defects in his own model ? 

16. State the postulates of Bohr’s theory of the hydrogen atom 
and apply them to calculate the following : 

(i) Radius of the first Bohr orbit. 

(1) The energy of the electron in the 3rd Bohr orbit. 

(iii) Frequency of the radiation emitted when an electron jumps 
from the 3rd to the 2nd Bohr orbit. 

17. State the defects of Bohr’s theory of the hydrogen atom. 
How did Sommerfeld modify it? How does Sommerfeld's theory 
help to explain the existence of fine structure of the hydrogen 
spectrum ? 

1°8. Calculate the amount of energy required to remove an 
electron outside the influence of the nucleus from the 3rd orbit of 
the hydrogen atom.. Calculate the circumference of the 4th Bohr 
orbit. 

19. “Four quantum numbers are necessary to describe an 
electron." Name the four quantum numbers referred to above and 
explain their significance. 

Short answer type: 

_ 110. (а) What is Pauli’s exclusion principle? (b) Show that, 
with the help of this principle it is possible to calculate the maxi- 
mum number of electrons that can be accommodated in any shell 
designated by the Principal quantum number л. 

(c) Find the maximum number of electrons that can be acco- 
mmodated in the N-shell, 

4 ril, State Hund’s rule of maximum multiplicity and explain its 
significance with Teference to the-electronic structures of nitrogen 
(At. no. 7), silicon (At, no, 14) and chlorine (At. no. 17). 

26 н 
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1:12 (а) Give the order in which the energy levels in an atom 
are filled with electrons. (b) Write the electronic configurations of 
the elements with the following atomic numbers: 3, 11, 8, 17, 24, 
25, 29, 37, 56. (c) From these electronic configurations, write 
down the groups of the periodic table to which each of them 
belongs, 

113. “Тһе azimuthat quantum number tells us of the shape of 
the orbitals and the *magnetic quantum number gives their orientation 
inspace". Illustrate this statement with suitable examples. Give 
the shapes of the s-and p-orbitals. | 

1:14. (a) Calculate the de Broglie wavelength ofan electron 
travelling with 1х 10% cms/sec. Given: h—6:63x 10727 erg-sec. 
and mass of the electron—9:1 x 10-28 pm, 

(b) Write down the Schrodinger wave equation fora small 
moving particle, like electron, existing in the field of the nucleus. 
Objective type : 

1:15. Answer by yes or no : 

(a) Two electrons can have the same 
different values of s. 

(b) The electrons moving in fixed с 
amounts of energy. 

(с) The energy of the orbits increase with decrease in the value 
of the principle quantum number п. 

(d) Fora value of n— 

(e) The shape of an 
quantum number 7. 

(f) The s-orbitals are dumb- 
spherically symmetrical. 

The first three electrons in p-orb; ; 1 

o Electrons duc ay Би is рате AE 

v : nergy while moving ina 
stationary orbit. 

À The phosphorus atom (at no. 15) has three unpaired 
d-electrons. 

G) Chromium has an electronic configuration of [Ar] 3d4 452. 

1°16. Fill up the blanks with correct words : 

(a) There are — valence-shell elctrons і 
maximum valency of sulphur is —, 


values for n, 1, m, but 


ircular orbits have definite 


4, all the possible values of аге 0 and 1. 
orbital is dependent on the azimuthal 


bell shaped and the P-orbitals are 


n sulphur and the 
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(b) The size of an orbital depends on the value of —, while.the 
shape of an orbital is determined by the value of —. 

(c) The'angluar momentum of an electron revolving around 
the nucleus in a stationary orbit is given by the expression —. 

(d) Transition of an electron from n=-.- is called the Balmer 
series. } 

(e) Two electrons in a particular orbital must have — spin. 

(f) For a value of /=3, m has values —. 

(g) The number of electrons in chlorine is seventeen, its atomic 
number is —. 

(h) No two electrons іп an atom can have all four quantum 
numbers —. This is known as the —. j 3 i 

(i) The maximum number of electrons that can stay in a 
p-orbital is —, that in a d-orbital is — and that in а f-orbital is —, 

(j) The region in space occupied by an electron is known as —. 

(k) The electronic configuration of oxygen (at. no. 8) is —. 
It has — unpaired electrons. 


CHAPTER II : PERIODIC CLASSIFICATION OF ELEMENTS. 


Essay type : ў 

2:1. What.do you mean by the term atomic number ? “Asa 
characteristic feature of an atom, atomic number is more fundamental 
than atomic weight"—Justify the statement in the light of Moseley's 
work on the characteristic X-ray spectra of the elements. Describe 
how the use of atomic number in place of atomic weight helped to 
overcome some of the anomaliés of the original Mendeleyev 
periodic table. ) 

22. “The actual electronic configuration, especially that in the 
valence-shell, is the fundamental feature on which the ideal periodic 
table should be based”. Discuss and illustrate. 

2:3. What is a group in the periodic table? How do the more 
important properties like atomic volume, ionization energy, electron 
affinity and electronegativity vary within a group with the increase 
in atomic number ? . 

2:4. What is a period? How do the above properties of the 
elements vary along a period as the atomic number increases ? 
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2:5. Explain the basis of classifying elements into four types or 
blocks. The lanthanides are accomodated in one position of the 
periodic table. Can we do the same for the transition elements ? 

. 26. What is meant by the term ionization energy or ionization 
potential ? What are the factors on which its magnitude depends ? 
Discuss how it varies along a period and down a group with the 
increase in atomic number. 

2:1. Explain why some elements have more than one ionization 
energies. In such cases, the 2nd ionization energy is always greater 
than the first ionization energy and the 3rd is invariably larger than 
the 2nd. Why?  *Highly charged monoatomic cations and 
anions are rare, but such polyatomic species are stable". Why ? 

2:8. Define electron affinity and point out its physical 
significance. How doesit differ from ionization potential ? The 
dinegative oxide ion, O?- hasa negative electron affinity, but we 
come across many stable ionic oxides. Explain why it so happens. 
(See Vol. П. р. 192). Explain why the electron affinities of the 
atoms increase from left to right of the periodic table. 
co cp e Mr UE 

srs x gativity and Pauling’s electro- 
negativity. Which one do you consider to be more useful d why ? 

How does Pauling’s electronegativity vary a idee ete 

left to right and dow iodi М бази 

ight ап n a periodic group ? 

2 10. Define atomic radius" of an element. Account for the 
variation of atomic radii (or atomic volume) from left to right of 
the periodic table. Explain why atomic radii increase dow right o 

211. In the first series of transition metals, the ato DUELO. 

ў F x > th mic volume 
show very little change-with the increase of atomic number. Why? 

Explain the occurrence Lanthanide contraction. Why do Zi | 

and Hafnium have very similar atomic volumes thoueh th irconium 

numbers are widely different? (Zr=40, Hf=72), gh their atomic 

Short answer type : 

212. “The radii of cations are ánvariably smaller than the 
corresponding atoms, while the tadii of the anions are always 
greater.” (8) Explain why it so happens, citing relevant examples. 
(b) Also explain why the ai of a dipositive ion is less than 
that of the corresponding monopositive ion. 
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2:13. Explain why there are small differences between the atoms 
of Cu, Ag and Au and their ions, compared to the large differences 
in the size of the alkali metals and their ions. 

2:14. Indicate the regions of the periodic table where you will 
find the following: (a) metals, (b) non-metals, (c) elements 
with high electron affinity and high ionization potential, (d) elements 
with low ionization potential and large atomic volume and (e) zero 
electron affinity and very high ionization potential. 


2:5. Which would be the larger ion in each of the following 
pairs ? y+: and Fe*? ; Mn*? and Zn*? ; O?- and S?- ; S?- and Se? ; 
Fet? and Fe*? ; Sn*? and Sn**, Cl- and Br- ? 

216. Fromthe positions of the elements in the periodic table, 
predict the formula and nature of the compounds formed by 
(a) calcium and hydrogen; (b) silicon and fluorine; (c) carbon 
and silicon ; (d) potassium and bromine; (e) aluminium and 
nitrogen ; (f) argon and fluorine. 

Objective type : 

217. Answer by yes or no : 

(a) The Bohr periodic table is based on the electronie con- 
figuration of the elements. 

(b) In the first transition series of elements, the 4d-orbitals are 
gradually filled up. 

(c) The lanthanides are characterised by the presence of 
4f-electrons. à 

(d) Allthealkaline earth metals are characterised by a valence 
shell electronic configuration. of ns?. 

(e) In the p-block elements, the differentiating electrons reside 
in the ns-level. 

(f) Metals are good conductors of heat and electricity] while 
non-metals are non-conductors. 

(g) The metals occupy the right side of the periodic table and 
the non-metals occupy the left side. 

(h) The ionization potential increases with the increase in 
atomic radius. 

(i) The ionization potential increases with the increase in 
nuclear charge. 
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(j) The screening effect of the different orbitals decrease in the 
order, s>p>d>f. : 

(k) The electron affinities increase from left to right of a 
periodic group. н 

() Electronegativity is the average value of ionization potential 
and electron affinity. 

(m) The electron affinity of magnesium is lesser than that of 
Al and the electron affinity of sulphur is greater than that of 
selenium. 

2:18. Fill up the blanks with appropriate words : 

(a) Theenergy of a purely covalent bond in a molecule A—B, 
according to Pauling, is the——of the bond energies of the mole- 
cules A—A and В—В. 

(b) The atomic radii of the elements of 
group increase with the——of atomic number. 

(c) In the elements, 
inner-f-shells, there is a 
as——. 


a particular periodic 


where thelast electrons are fed into the 
contraction in volume. This is known 


(d) The radius of the chloride ion is——than that of the chlorine 
atom. 


(c) The radius of the Ca*? ion is——than that of the Ca- 
atom, 

(f) In representative elements, oxidation state is governed by 
т tendency of the atoms to attain the most stable— configura- 
ion. SU 


(5) Compared to the compounds of trivalent bismuth, 
'pentavalent bismuth compounds are rather Unstable and difficult 
to prepare. This happens because of the operation of——. | 

(h) Amonga group of transition elements, the higher oxidation 
states become progressively—_ag We move down the group. 

(i) Ina period, the basicity of the oxides—and the acidity of 
the oxides——as we move from left to Tight. 


(j) The metals of periodic groups IA and 


ПА fi огт ——һуйгійеѕ 
while——hydrides are formed by most of the n 


on-metals, 


CHAPTER Ш: CHEMICAL BONDING AND THE STRUCTURE 
OF MOLECULES. 


Essay type : 

31. Why atoms at all undergo chemical reactions? Why the 
inert gases do not form diatomic molecules? Whatisa chemical 
bond? Mention the different types of chemical bonds generally 
encountered. Explain the meaning of the terms ‘electrovalence’. 
What are the chief factors on which the formation of anelectrovalent 
linkage (or ionic. bond) depends ? 

3:2. Discuss the formation of an ionic bond in terms of energy 
decrease, and represent the formation of sodium chloride in terms of 
the Born-Haber cycle. What is the physical significance of the term 
lattice energy ? What elements are likely to form ionic bonds? 

3:3. Describe the important characteristics of ionic compounds. 
Why are the m.p.s and b.p.s of the ionic compounds so high ? 
Calcium chloride is highly soluble in water, but calcium fluoride 
is completely insoluble. Explain why it is so, in terms of lattice 
energies and solvation energies of CaCl, and CaF;. 

3:4. Explain the following: (a) NaCl is a better conductor 
of electricity in the molten state than in the solid state. (b) NaCl 
has а higher m.p. than AICls, though its mol. wt. is less than that 
of AICI,. (c) Anhydrous AICI, is covalent, but AICI,.6H;0 is ionic. 
(d) AIF, is more ionic than AlCl, (е) In a series of ionic 
compounds, the bromides have higher b.p.s than the chlorides, but 
in a series of covalent compounds the reverse is true. 

3:5. Explain clearly the meaning of the term *covalence'. Describe 
the more important general properties associated with covalent bond. 
What elements are likely to form covalent bonds ? 

36. Explain how two identical hydrogen atoms combine to form 
a hydrogen molecule. What is the source of energy of such a 
homopolar bond ? Explain clearly. 

A 3:7. What makes a covalent compound polar? What is the 
difference between a polar and a non-polar compound? Are all 
covalent compounds non-polar ? 

3:8. Discuss the formation of a sigma-bond and a pi-bond with 
suitable illustrations. Explain whya pi-bond is less stable than a 
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sigma-bond. Show that a triple bond is made up of one sigma and 
two pi-bonds. 

39, Itis said that, usually, the number of unpaired electrons 
in the valence shell determines the covalence of an element. If this 
isso, how can you explain the tri-covalence of boron and tetra- 
covalence of carbon ? : , 

3:10. What is meant by hybridisation? How many types 9 
hybridisation are possible involving s-and p-orbitals ? Give 
illustrations with diagrams. Give the disposition of the orbitals in 
sp*d, dsp? and d?sp? hybridisations. 

311. Discuss the VSEPR theory of Predicting the shapes of 
covalent molecules with relevant examples. Predict the shapes of 
the following species : 

BeCl,, BCl, PH;, H,S, H,Se, NH;, ССІ, PBr;, SeF,, SF,. 

3:12. According to the electronic configurations of hydrogen; 
oxygen and nitrogen, the H,O molecule Should be linear and the 
NH; molecule should be plane triangular. But we find that both 


H,O and NH, have distorted tetrahedral Structure. Explain why 
it so happens. 


313. Mention the important fac 
covalent bonds, and illustrate the effe 
tion on bond lengths with suitable ex 

3:14. “When а cation and an anion are 
other, the nature of the chemical bond be 
the resultant effects of their mutual i 
justify this statement by applying Fajan's 

315. Explain the following: (a) the m.p.s. of Маст> CaCl, 
АІС; (b) тр. оғ MgCl, is less than that of CaCl, ; (c) The 
ILp.s. decrease as NaF-—NaC 


I>NaBr>Nal; (d) mp. of 
Cu,Ch<m.p. of KCl; (е) m.p. of AgCl« m.p. of RbCI. 


3:16. Explain what is meant by hydrogen bond. What are the 
two types of hydrogen bonds generally encountered ? Explain and 
illustrate the differences between the two. Explain the following : 
(a) the b.p. of H:O is greater than that of H,S; (b) hydrofluoric 
acid forms bifluorides of the type KHF, but HCI can not do so ; 
(c) o-hydroxy benzoic acid is steati- volatile, but p-hydroxy benzoic 
acidisnot; (d) benzoic acid is a dimer in benzene. 


tors affecting bond lengths of 
cts of resonance and hybridisa- 
amples, 

brought: close to each 
tween them will depend on 


nteraction.” Explain and 
rules, 
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Short answer type : 
317. Explain the following: (a) Ammonia and organic 


.amines co-ordinate with the halides of boron and silicon, but cannot 


do so with the halides of carbon. (b) SiCl, is hydrolysed rapidly 
by water but ССІ, is not. (c) Nitrogen cannot form NF,, but 
phosphorus easily forms PFs. (d) SiF, reacts with HF to form 
H,SiF,, but CF, cannot form H,CF,. 

3:18. (а) Explain the term dipole moment of a polar compound. 
In what unit is it generally expressed ? (b) Explain the trend in the 
change of dipole moment, HF >HCI>HBr>HI, observed in the case 
of halogen hydracids. (c) What structural and other information 
can you extract from the dipole moment data for the.following 
molecules: CO,=0:0D ; SO,=1:6D ; H,O—184D ; NH;—1:6D ; 
CS,=0 0D ; NF,—02D ; NCI,=08D. 

3:19. “Homolytic fission of an electron-pair covalent bond takes 
place due to electron unsharing and leads to the generation of free 
radicals". (a) Explain and illustrate with relevant examples, 
(b) Mention some of the most important chracteristics of the free 
radicals. 

320. Explain the terms (a) heterolytic fission, (b) carbanion, 
(c) carbonium ion, (d) electrophilic or anionoid reagents, 
(e) nucleophilic or cationoid reagents, giving suitable examples of 
each. 

3:21. “Inductive effect represents a partial electron displacement 
of permanent nature along mutually connected covalent bonds,.where- 
as, electromeric effect is a transient but complete transfer of a pair 
of electrons shared between two atoms differing in electronegativity.'" 
Discuss and illustrate with suitable examples. 

3:22. Give a brief account of, the different types of dipole 
bonds. 

Objective type : 

3:23. Answer by yes or no : 

(a) Ionic compounds are formed between elements of groups 
widely separated from each other in the periodic table. 

(b) No separate molecules are present in the crystal lattice of 
an ionic compound. It exists in an almost non-ending array of 
oppositely charged ions. 
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(c) Ionic compounds dissolve in non-polar solvents. 

(d) Whether anionicsolute willdissolve in a particular polar 
solvent depends on the relative values of the lattice energy and the 
Solvation energy with respect to the solute-solvent pair. 

(e) BF; and ВСІ, are electron-deficient compounds. 

(f) The octet rule is strictly obeyed by the elements of the two 
short periods, but the elements of the long period can expand their 
octet upto twelve electrons. . 

(œ) Nitrogen in ammonia and oxygen in water have one and 
two lone pairs respectively. 

(h) The structure of NO can be full 


y explained by the presence 
of normal electron-pair covalent bonds. 


(i) The formation of the ammonium lon is the result of a 
donor-acceptor interaction between NH; and Н+. 

() Repulsion between different t 
molecule follow the trend, lone- 
pair>bond-pair : bond-pair. 


ypes of electron-pairs in а 
pair : lone-pair>lone-pair : bond- 


i У the regular arrangement ofa requisite 
number of anions and с 


T d 

iie pattern, is terme 
(b) The value of the lattice energy U j 

В EY U, can be calculated from 


(e) The energy Tequired to break ioni . 
; AS lonic bonds t inone 
formula-weight of an ionic compound is called the S p 


(d) CaCl, is highly soluble in water, but CaF is insoluble 
This is because the — energy of CaF, е d 


xceeds the — energy of the 
Cat? and 2F- ions, while the — energy a 


of Ca*? and 2CI- ions 
exceeds the — energy of the Сасђ. 
(е) The stability of the hydrogen molecule-ion is due to — 
between two equivalent structures, 


(f) The properties of the NO, molecule can be explained by the 
presence of one — bond in it. 

(g) The binding energy of a homopolar ог £ 
derived from a — process between two or mo 
energy. 


Ovalent linkage is 
re states of equal 
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(B) The structure of ап AX,-type molecule will always 
be linear. 

(i) All AX -type molecules are plane-triangular in shape. 

6) The m.p.s. and b.p.s. of covalent compounds are generally 
— than that of ionic compounds. 5 

(k) The covalent bond has definite — character and this is why 
they have definite — and structure. y 

(1) SF, has — structure. 

3:25. Tick the correct answer : 

(a) The shape of the PH, molecule is (i) tetrahedral, (ii) linear, 
(iii) plane triangular, (iv) distorted tetrahedral. 

(b The H-N-H angles in ammonia are (i) 104°31, 
(ii) 109° 28’ (iii) 120° (iv) 93°20’. 

(c) The type of hybridisation involved in the acetylene molecule 
is (i) dsp?, (ii) sp*, (iii) sp, (iv) sp*. . 

(d) The ethylene molecule possess (i) 3 sigma and 3 pi-bonds, 
(ii) 5 sigma and 1 pi-bonds (iii) 4 sigma and 2 pi-bonds. 

(e) Zero dipole moment is exhibited by (i) BCl, (ii) H,O, 
(iii) CHCl, and (iv) CO,. 

(f) dsp?-hybridisation results in (i) square pyramid, (ii) trigo- 
nal bipyramid, (iii) octahedral shape. 

(e) Highest value of dipole moment is shown by (i) НСІ, 
(ii) HI, (iii) and HF. У 

(h) The shape of the Ni(CO), molecule is (i) square planar, 
(ii) pyramidal, (iii) tetrahedral, (iv) square pyramidal. 

(1) AIF, is ionic but AICI; is covalent. This can be explained 
on the basis of : (i) lattice energy, (ii) Fajan’s rule, (iii) resonance, 
(iv) crystal structure, 

у () The force of attraction in gaseous НСІ is a (i) dipole- 
RE type (ii) dipole-induced dipole type, (iii) hydrogen bond 
ype. 


(k) The shape of the H is (i) li Py 
(5) square planer eS molecule is (i) linear (ii) angular 
= () A homolytic fission of an elecfron-pair covalent bond 
mn carbon and another atom leads to the formation of 
(i) carbonium ions, (iii) free radicals. 


(m) А carbonium ion is (i) ап electrophile (ii) a nucleophile. 
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(n) The inductive effect is a (i) temporary, (ii) complete 
transfer of a pair of electrons. ` 

(о). High charge on the cation and the anion favours (i) elec- 
trovalent character (ii) covalent character. 

(p) Small cation and large anion induces (i) covalent character 
(ii) ionic character in a compound. 

(а) When the number of valence electrons in the combining 
atoms are less than the valence-orbitals in them, the bond between 
the two combining atoms become — in character. 

(тг) H;Sisagasbut НО is a liquid. This can be explained оп 
the basis of: (i) molecular weights of H,O and H,S, (ii) hydrogen 
bonding (iii) Fajan's rules. 


CHAPTER IV : THE NUCLEUS AND THE PHENOMENON OF 
RADIOACTIVITY. 


Essay Type : 


41. (a) Name the more important fundamental constituents of 
the atomic nucleus (also known of nucleons) along with their con- 
ventional symbo:s. 


(b) Define and illustrate mass defect. 


42. Explain the term binding energy and state its relation with 
mass defect. 


In what unit is it usually ex ressed ? i i 
fraction ? Удер ? What is packing 


у 4:3. Define binding energy per nucleon. Draw a plot of bind- 

ee energy per nucleon asa function of Mass number. What con- 

clusions can be drawn by the careful analysis im i 
oft 

oce. y he different regions 


44, “It has been established that the nuclear attractive forces 


are quite different from either gravitational or electrostatic forces 
with which we are familiar.” Discuss the special characteristics of 
the nuclear forces. How does the meson theory explain the existence 


of nuclear binding forces ? 

4:5. Examine the plot of number of neutrons against the 
number of protons (as found in the case of the eleme nts of the 
periodic table) and explain the possible modes of decay of (i) the 
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elements lying above the line representing n: p—1 and (ii) the 
elements lying below this line. 

Predict the modes of decay of the following nuclei: 4C!3, 
C7 ANISS 588, 1H3j 62205 ism m 1491395 a Nees 1s Àr*?. 

46 (а) Define and illustrate the following : isotopes, isobars, 
isotones anc isomers (nuclear). ; 

(b) ‘Name the more important methods of separating isotopes 
of elements. Describe the principles of the method of thermal 
dffusion and the electromagnetic method (mass spectrographic 
method) of isotope separation. 

(c) What is separation factor 2 Has it any physical significance 2 

(d) The ,O'* isotope is chemically identical with the „О18 
istope. Why? 

47. (a) How was the phenomenon of radioactivity discovered ? 

(b) What different types of radiations are emitted by radioactive 
substances. Describe some important characteristics of these radia- 
tions. 

(c) How can they be distinguished from each other ? 

48. Briefly outline the experimental basis of the theory of 
radioactive disintigration proposed by Rutherford and Soddy. Derive 
' а mathematical expression for the disintegration-constant of a 
radio-element. 

49. Define half-life (Ts) and average life (7) of a radio-element 


and obtain mathematical expressions for both of them. Find the 
relation between T, and т. What аге the common units of 


radioactivity ? 

410. State and explain Fajan and Soddy's Group displacement 
law. How did it help to accomodate. the 13 members of the riorium 
series in the nine [at. no. 82 (Th D. i-e. Pb) to at. no. 90 Th] available 
places in the periodic table. Also explain how the idea of isotopes 
did originate from the group displacement law. + 

411. Show that, when radioactive equilibrium is established 
among the members of a radioactive series, the condition 

A4N4—2AgN5—AÀcN, .. holds good 
where A, B, C... are the radioelements of the es in question 
What is the relation between the half-lives and the disimlenration 
constants of the members of such a series ? 
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412. State and explain the differences between chemical 
aeactions and nuclear reactions. : 


4:13. Explain what is meant by artificial transmutation of 
‘elements, giving suitable examples.. Complete the following 
artificial transmutations B 

а, Cr5 9 («, n) — 

,Be®+ ,H? => Ене“ 
> 
> 


• 


aoCa*? (р, n) 

aLi +,H? 

1 4157 (a, p — 
4:14. How was artificial or induced radioactivity discovered ? 


Give at least two examples of such radio-elements. Discuss the 
more important uses of these artificial radio-isotopes. 


iH? 


415. What is meant by isotopic labelling of compounds ? Give 
specific examples, pointing out the objectives behind such labelling. 


What is meant by the specific activity of a radioactive material ? 
What is the unit of specific activity ? 


4:16. Explain and illustrate the term nuclear fission. What is 
meant by the term spallation? Distinguish between. fission and 
spallation. Discuss the principles underlying the production 
of energy continuously through the fission of U235, 

417. What are the condition necessar 


t : 
fusion of two light nuclei, TAA рша. DONE She 


leading to the relea: 
у зе of energy? Wh 
such reactions are also known as thermonuclear reactions oe i 
Explain the difference between n i , 

uclear fission and i 
Compare the efficiency of these two Eee deae 
Which one of these.two processes is the 
and other stars ? 


processes as energy sources. 
Source of energy of our sun 


4:18. Give a brief account of the more important uses of the 
radio-isotopes in different fields of science and technology. 
Objective type : . 

4:19, Answer by yes or no: 

(a) The number of neutrons in the hucleus of an atom is Rigen 
by (A—Z), where A is the mass number and Z is the at dic uio 
of the element in question. 
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(b) The difference between the actual mass of an atomic nucleus 
and the total mass of its constituent particles is called the mass 
defect of the nucleus. 

(c) Two nuclei, having same number of protons but different 
number of neutrons, are known as isobars. 

(d) Nuclei with same number of neutrons are called isotones. 

(e) The binding energy of a nucleus is a measure of its stability. 

(f) The binding energy per nucleon rises sharply in the low 
atomic mass region. 

(g) Nuclear fusion is ап energy releasing process in the high 
mass number region. 

(h) Fission is an exoergic process in the high mass number 
region. 

(i) Above the mass number 200, the atomic nucleus gets con- 
siderably deformed and undergo spontaneous disintegration. 

(i) Isotopes with n: p-ratio lower than the stable naturally 
occuring isotope decay by positron emission. 


4:20. Fill up the blanks with appropriate words. 

(a) Apart from protons, nuclei of atoms contain у 

(6) The sub-atomic particles having no charge or mass is 
called . à 

(c) Isotopes are chemically similar because they have the same 
number of —— in the nucleus: 

(d) The energy required to break up а nucleus to the isolated 
nucleons is known as the —— of that nucleus. у 

(е) Nuclear fusion is an exoergic process in the —— mass 
number region. 

(f) The mass-number of an atom is given by the total number 
of —— and —— present in its nucleus. 

(g) The difference between the mass number and the. atomic 


number of an isotope gives the number of —— 
(h) The fundamental 


nucleons together in the 
(i) Elements having 
number region) decay by 
() The half-life peri 
life period. 


particle responsible for keeping the atomic 
mucleus is ——, 

ап: p-ratio more than 1 (in the low mass 
— — emission. 

od of a radio-element is less than its average 
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421. Tick the correct answer : 

(a) Isobars are atoms having the same (i) atomic number, 
(ii) atomic mass, (11) number of neutrons, (iv) mass number. 

(b) A nucleus is stable if it contains the same number of 
(i) protons and positrons, (ii) protons and electrons, (iii) protons- 
and neutrons, (iv) electrons and neutrons. 

(c) The mass of an individual atom of nitrogen is (i) 2.32x 
107?? g. (ii) 14 g. (iii) 6.023x 103 р. 

(d) Millikan's oil-drop experiment was done to find (i) velocity 
of an electron, (ii) mass of an electron, (iii) charge of an electron, 
(iv) e/m-ratio of an electron. 

(e) The decay constant of a radio-element has the dimension of 
(i) mass, (ii) charge, (iii) (time), (iv) velocity. 

(f) One Curie means an amount of radioactive material which 
decays at a rate of (i) 10°-disintegrations per second (dps), (ii) 10? 
dps (iii) 37 x 10!? dps. 

(g) When an atom loses one «-particle it is displaced (i) one 
place to the right, (ii) two places to the left (iii) two places to the 
right of its original position in the periodic table. 

(h) When an atom of medium mass 
high-energy projectiles, 
several fragments. 
(iii) spallation. 


-number is bombarded by 
the target nucleus is broken down into 
Such a process is called (i) fission, (ii) fiusion, 


CHAPTER V: ACID-BASE AND SO 


ME RELATED 
PHENOMENA. 


Essay type : 


5'l. Define and illustrate the terms, acids, 
and Aydrolysis, as they are used in the Arrh 
out the major defects of the Arrhenius 

52. (a) “All ammonium salts behave as acids and the amides 
as bases in liquid ammonia solution”, Explain and illustrate the 
above statement in the light of the Solvent-system concept of acids 
and bases. (b) Thionyl chloride acts as an acid in liquid sulphur 
dioxide medium and sodium nitrite behaves as a base in liquid 
dinitrogen tetroxide”. Justify or refute. | 


bases, neutralisation 
enius concept. Point 
Concept of acids and bases. 
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5:3. Describe the salient features of the Bronsted-Lowry concept 
of acids and bases. Explain the hydrolysis of sodium acetate in the 
light of this theory. What are its limitations ? 

5:4. Define acids, bases and neutralization in terms of the Lewis 
concept. In what ways does the Lewis theory of acids and bases 
differ from the Bronsted-Lowry concept ? 

5:5. Name the important methods of determining the pH of as 
aqueous solution. Describe the principles of the hydrogen-electrode 
method of pH determination, pointing out the limitations of the 
method. “Тһе glass electrode method is more suitable than the 
hydrogen electrode method for practical purposes.” Do you 
agree ? 

5:6. Deduce expressions for (i) hydrolysis constant, (ii) degree ` 
of hydrolysis and (iii) the pH of a solution of asaltof a weak 
acid and a strong base. $ 5 

5:7. Find the expressions for the pH of (i) a solution of the 
salt of a strong acid and a weak base and (ii) a solution of the salt 
of a weak acid and a weak base. 

5:8. What are buffer solutions? Deduce an equation by 
which the pH of buffers made up of (i) a weak acid and its salt 
and (ii) a weak base and its salt can be calculated from the know- 

` ledge of the concentrations of the ingredients and the dissociation 
constants of the acid or the base. 

5:9. Name the different types of indicators generally used in 
titrimetric procedures. Show that the colour change interval of an 
acid-base indicator lies in the range of pkin+1, where pkr is the 
negative logarithm of the indicator constant of the indicator in 
question. 

Short auswer type : 

5:10. What indicators should be used for (i) thetitration of a 
strong acid with a strong base, (ii) a strong acid and a weak 
base? Discuss the basis of your choice. ‘No indicator is suitable 
for the detection of the end-point of a titration involving a weak 
acid and a weak base." Do you agree? If so, why ? 

5'1l. Explain the following; (a) BCl; can act only as a Lewis 
acid, where as PCI, can act both as a Lewis acid and a Lewis base ; 
(b) Sulphuric acid is stronger than selenic acid; (c PhS is a 


27 
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weaker acid than H,Te; (d) H,SO, is stronger than HSO; ; 
(e) the acid strength of hypohalous acids change in the order 
HOCI>HOBr>HOI; (f) CsOH isa stronger base than NaOH; 
(B Be(OH), is weaker than Sr(OH);. 

512. (a) What is meant by common-ion effect ? (b) “In the 
selective precipitation of the Gr. II A and B (of analytical chemistry) 
metal ions in presence of the ions of the subsequent groups, the 
presence of dil. HCl is absolutely essential." Justify the statement. 
(c) ‘Sufficient NH,Cl must be added to the Solution containing 
Al*®, Без and Cr*? (along with the ions of the subsequent groups) 
before the addition of ammonium hydroxide in order to precipitate 
the hydroxides of Fe*?, AI*? and Сг? selectively”. Explain. (d) If 
sufficient NH,Cl is not added to a solution containing Cat?, Sr*?, 
Ba*? and Mg"? prior to the addition of NH,OH and (NH,),CO;. 
magnesium is precipitated along with the carbonates of Ca??, Sr’? 
and Ba*?. Why? 

5:13. “In a dilute aqueous solution, the ionic 
a constant at constant temperature.” 
statement. (b) Find out the relation betw 
the ionisation constant of water, 


Product of water is 
(a) Explain the above 
een the ionic product and 


Objective type : 
$15. Answer by yes or no ; 
(a) Due to its high charge : 
not exist in aqueous solution: 
и an e ammonium salts behave as: bases in liquid ammoriia 
(c) Amides behave as acids in li 
(d) The CH4COO- ion is a stro: 
weak base. 
(e) The degree of dissociation of acetic acid in aqueous solution 
is decreased when sodium acetate is added to it, 


(f) The degree of dissociation of HC} is decreased by the addi- 
tion of NaCl. 


radius ratio, the bare proton can- 


quid ammonia Solution. 


D8 base, while the Cl- ionis a 
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(g) pH of an alkaline solution is always greater than 7. 

(h) pH ofa 0.1 (N) HCl is equal to the pH of a 01М acetic 
acid solution. 

() A solution made up of a weak acid and its salt is called a 
buffer solution. 

() The glass-electrode method of pH-determination is better 
than the hydrogen-electrode method. 

(k) An aqueous solution of NH,CI has a pH greater than seven. 

(I) An aqueous solution of sodium acetate turns phenolphthalein 
pink. , 
(m) For the titration of a 0.1 N solution of NH,OH with a 
9.1 N soln. of НСІ, methyl orange is a good indicator. 

5:16. Fill up the gaps with appropriate words : 

(a) — donors are acids and proton acceptors are — . 

(b) In an aqueous solution the proton exists as — . 

(с) A substance which yields the solvent — is an acid and a 
substance that generates the solvent anion is a — in that solvent. 

(d) The conjugate base of a strong acid is — and the conjugate 
base of a weak acid is — . 

(e) According to the Lewis concept, an acid is an — and a 
base is an — . 

(f) In the titration of 0.1 (N) acetic acid by 0.1 (N) NaOH, — 
indicator is used. 

(g) Solutions possessing reserve capacities for resisting the 
change of H* ions or OH- ions by the additions of small amounts 
of acids and bases from outside are known as — . 

(h) The Henderson equation, relating the pH of a buffer solution 
(made up of a weak acid and its salt) with the pK, of the weak acid 
used, is — . 

(i) At 25°C, the value of ionic product of water is — . 


CHAPTER VI: OXIDATION AND REDUCTION 
PROCESSES. 
Essay type : 
61. Give electronic interpretation of the processes of oxidation 
and reduction. Show that an oxidation process is always accom- 
panied by reduction and vice-versa. What is meant by reduction 
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half-reactions and oxidation half-reactions? Define and illustrate 
the terms oxidants and reductants, giving suitable examples. 

6:2. Describe fully the method of balancing oxidation reduc- 
tion reactions (also known as redox reactions) by the ion-electro? 
method. Illustrate your answer with three concrete examples. 


6:3. Define equivalent weights of oxidising and reducing agents, 
giving suitable examples. “The equivalent weight of an oxidising 
agent or a reducing agent isnot an absolute constant, it depends 
on the exact reaction in which it takes part.” Do you agree with 
this statement? | M so, cite specific examples to support your 
view. 

64. Explain the term redox potential. Clearly explain the 
relation between the strength of an oxidising or a reducing agent 
and its redox potential, using specific examples. 

6:5. Define normal or standard potential (E°) of a system- 
Discuss the significance of the sign of E? of a system. Distinguisb 
normal and forma! potentials of a system. Which one of these (0 
ів of more practical utility 7 е | 

6:6. Name the factors which affect the E? values of redo* 
systems. Explain the following : 


(a) The E' values of the Cu*?/Cu* System and the 11,/1- syste™ 
аге -F0.15 v and +0.535 v respectively. Yet we find that, in dilute 
aqueous solution, Cu*? oxidises I- to Ts. i 


(b) The E* values of the [Ее (СК) ТЕ 1- in 
neutral solution) and the (CNAJ-/[Fe (СМ), је system ( 


11/15 system are --0.36 v and 40.535 У 

respectively. But, we find that, in IMH i us E 

oxidises I- to I. s C HUE. 

(С) The E" values of the system Co**/Co*?is 1.82 volts an 

that of the Ce**[Ce*? is 1.61 volts. Yet Соја can be completely 
converted to Co*? by Cet4j i 

E in presence of the complexing agent 


67. “The E values of different redox-systems can be utilise? 
in (а) predicting the courses of redox reactions in 


AE volving them an 
(b) to calculate the equilibrium constants of those ; j 


6 i 5 redox reactions.” 
Cite specific examples to prove and illustrate the above statements’ 


What is the significance of a high value of K in such redo? 
reactions ? 
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6:8. Show, by giving concrete examples, that E^ values of 
individual oxidation and reduction reactions (electrode reactions) 
can be utilised for the calculation of (a) the potentials of the cells 
obtained by their combination and (b) the equivalence point of 
redox-titrations involving them. 

69. What are redox indicators? Illustrate, with a specific 
example, the choice of a redox indicator for titrating a reductant 
with an oxidant. Take the example of the titration of Fe’? by 
K,Cr,O, in acid solution. i 

610. What indicator will you select for determining the end- 
point ofthe titration of iodine with thiosulphate ? Is ita redox 
indicator ? Explain the mechanism of action of such an indicator. 

6:11. In an aqueous solution containing Ce** and Ce* ions, 
the value ofthe redox potential ofthe system, Cet4+e=Cet®, is 
found to be 1.44 volts. If the E^ value of the same system is 
1.61 volts, calculate the ratio [Ce**]/[Ce*?] in such an aqueous solu- 
, tion. If some Ce*3 ions аге added from outside, will the potential 
increase above 1.44 volts or decrease? What will be the value 
of the potential, if the concentration of Ce** is increased ten-fold ? 
Short answer type : 

612. Complete the following reactions and balance them, keep- 
ing,in mind that they take place in aqueous acidic medium : 
 Mn??*4-2CI-4- Cl 


MnO,+4Cl- > 

CuS4-NOg + . Cu**-S0j---NO 
HS,07 — . S4 HSO; 

MnO}- > Mn0;4-MnO; 
2Mn0,4-5S0$7 —  2Mn*-580i 


I---H,SO, (hot. conc) — . l1,4-SOs 

Zn+-NO; > Zn*?*--NH? 

Ag--NO;, =  Ag'¥NO. 
: 6:13. Complete the following reactions and balance them, keep- 
ing in mind that the reactions occur in alkaline aqueous solutions : 


N;H,--Cu**--20H- + N,+Cu 
Za--NO;--OH- — Zn0O}-+NH, 
PbO,-CI- — CIO---Pb(OH); 
ClO-+Fe(OH), — " ~ FeOj 4Cl- 
[Co(CN),]*- +0, — [Co(CNXP-- 
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614. Consult the table (Tabie 6:3, p. 268, vol. 1) of redox 
Potentials and select oxidising agents capable of oxidising (a) I 
tol, ; (b) Без to Fe** ; (c) CI- to Cl, ; (d) Sn*? to бр ; (e) Bry 
to Br, ; (f) Cut to Сит, ‘ 

6:15. Ina similar manner, select reducing agents which effect the 
following reductions : (a) На" to Hg"; (b) рез to Fet?; 
(с) ktor; (d) Cl, to СЕ. 

616. The following standard electrode potentials are given : 

Fe*?-e = Бета, Б—0.78 y 
ТЕ +e = TI, E°=_0,35 y 

Ifa cell is now constructed with one half- 
solution containing 1M Fet? and 1M Fe*? 
dipped, while the other half-celi is made u 
in which a thallium metal rod is immersed, 
of the following questions : 

(a) Which electrode will be the positive terminal ? 

(b) What will be the voltage of the cell ? 

(c) What is the net cell 
generated. 

(d) What is the value of th. 

Objective type : 


cell made up of a 
into which a Pt-wire is 
P Of a solution of IM TI* 

What will be the answers 


"теасНоп due to which electricity is 
e equilibrium constant of the cell ? 


6:17. Answer by yes or no g 

(a) Oxidation and reduction can onl i d 
mo У Occur Simultaneously an 

(b) The equivale weight 
divided by the number of k i 
Eo Cen of electrons taken up by one formula- weight 


(e) The sign of the electrode Potentia] is che same as that of the 
electrostatic charge on the electrode, 

(f). Larger the positive value 
power as reducing agent. 

(g) The formal potential value ofa System is more useful than 
the corresponding normal potential value, 


ОРЕ? оғ a System, greater is its 
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(h) The effective potential of a system M*^--e == M-Y jg 
increased if the reduced form is precipitated out of the solution. 

(i) Potential of the system, MnO;-4-8H*-r5e = Mn*?--4H;0, 
will decrease with the increase in hydrogen-ion concentration. 

6:18. Fill up the blanks with appropriate words : 

(a) Ina redox reaction the substance which supplies electrons 
is — and the substance which takes up electrons is — . 

(6) Ina Daniel cell, the zinc rod is the — electrode and the 
copper rod is the — electrode. 

(c) The electrode potential of a metal/metal-ion electrode is 
given by the Nernst eqn. which is —. 

(d) A system having a higher — potential value will displace a 
system having a lower — potential value. 

(e) For the titration of ferrous iron by potassium dichromate 
using diphenylamine indicator, the use of — is essential. 

(f) Sulphuric acid and not — acid is used- in the titration of 
ferrous iron by potassium permanganate. 

6:19. Tick the correct answers : 

(а) Iodine is liberated in a solution containing potassium 
iodide and potassium nitrite by the addition of (i) NaOH, 
(й) Na,S,O3, (iii) CH,COOH (or any other acid). 

(b) On reaction with H,S in aqueous solution, iodine produces 
Sulphur. This reaction shows that (i) iodine is a stronger 
oxidising agent than H,S, (ii) H,S is an oxidising agent, (iii) S*- 
can be reduced to elemental sulphur. 

(c) When excess SnCl, is added toa solution of HgCh, the 
major product formed is (i) На СЊ, (ii) Sn, (iii) Hg. 


CHAPTER VII : COORDINATION COMPOUNDS AND WER- 
NER’S THEORY. 
Essay type : 


71. Distinguish between double salts and complex compounds, 
Briefly outline the methods by which the presence of complex ions 
in solution can be detected. 

T2. Define and illustrate the following terms : Central metal 
ion, ligand, complex ion, co-ordination number, co-ordination zone, 
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stability constant of a complex, perfect (penetration) and imperfect 
(associated) complexes. 

T3. Discuss the IUPAC system of naming complex compounds. 
Give the names of the following complexes : Е 

(Си(МНој,  [Ag(CNS),]", — [PtChP-, [сомну 
[Cr(C,O,)s]*-, [Co(en),Cle]Cl, [Co(NH;,CO;]NO,, [Cr(H.0),Clel*> 
[C(H,OXCL Је, [Fe(CN), Је“, [Fe(CN),NO}*, [P((NH;,CL]. 

7-4, State the postulates of Werner's 
complexes, citing relevant examples. 

T5. Describe how Werner Proved that six co-ordinated com- 
plexes possess octahedral stereochemistry. 

76. Discuss, with examples, the 
encountered among co-ordination comp 

77. A compound of molecu] 
following reactions : 

G) CoCl;.5NH,+AgNO, (excess) +C 


heat X 


— ——No ch. 
at 110°— 120°C ie 


(iii) CoCls.5NH;+HCI-No change 

у excess КОН soln. 

(iv) Nar Rapes Боо Ror sii, 
moist - 

"us А СОО 45 

T 205+ NH;-3AgC] 


theory of co-ordination 


different types of isomerism 
lexes. 


ar formula CoCl,.5NH; gave the 


oCI(NO; ,.SNH, 4-2AgCl 


(i) CoCl,.SNH, 


(у) CoCl;.5NH, 


р conc. Н,50, 
(vi) ено. 
soln. 


a — CoC, 


(vii) CoCI,.sNH. 5NH,4-2KCI 


Ag 
CoCI(NO), SN, + a or. 
reactions, su 


In the light оғ the above 8851 a plausible structure 


for the compund CoCl;.5NH,. 
78. Briefly discuss the more important applications of comple* . | 
compounds in different fields, 
79, What are chelating ligands 
chelating ligands depending on the 
one molecule of the ligand, giving a 


and meta] chelates. Classify thé 
number of donor-sites present i? 
t least one example in each case. 
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710. Define and illustrate (with figures) inner metallic com- 
plexes of (a) the first order and (b) the second order. Give 
examples of cationic boron and cationic silicon. 


Short answer type : ‘ 

7:11. Give, with figures, the number of geometrical isomers in 
each of the following cases : Й 

(a) Square planar complexes of the formulae [Pt(NH,),Cl,] and 
[Pt(NH3);CI]*. 

(b) Octahedral complexes of the formulae [Co(NH;),Cl;], 
[Co(NH3)Cl,] and [Co(en), (NOS); T*- А 

(c) Which one of the above octahedral complexes are capable 
of exhibiting optical isomerism? Give the structures of the 
enantiomorphs. 

(d) .Can [Co(C,Oj,]- and [Cr(en)]^? exist as enantiomers ? 
If so, give their structures. 

7-12. (a) Which of the following ligands can form chelate 
complexes : 

ethylenediamine, water, oxalate ion, glycinate ion, chloride ion, 
acetylacetone. : 

(b) Which ones of the above ligands can form inner-metallic 
complexes of the first order ? K 

(c) Which ones of the above ligands can form inner-metallic 
complexes of the 2nd order ? 

7:13. Explain the foliowing : 

(a) The detection of Cu*? by the addition of excess ammonium 
hydroxide to an aqueous solution containing Cu** is based on the 
formation of a copper complex. 

(b) Separation of Cut? and Cd*? in Gr.IIA of analytical 
chemistry is based on the difference in stability of the cyano- 
complexes of Cu*? and Cd*?, 

(c) Detection of cobalt by potassium thiocyanate is based on 
the formation of a thiocyanato complex of cobalt (ID, 

(d) Estimation of Nit? (as the dimethyl glyoxime complex) in 
presence of Fe*? and Cr*? by using tartaric acid is dependent on the 
relative stabilities of the tartaric acid complexes of Ni**, Fets, 
and Cr*?, : 


714. Account for the following observations : 
(а) [Co(NH;),]*? and [Fe(CN), 7 are octahedral, 
(b) Ni(CO), is tetrahedral. 

(c) [Ni(CN),?- is square planar. 

(d) [Ni(NH;),]*? is octahedral. 


7:15. Give the structure of the Possible isomers of tne following 
and write their IUPAC names under each structures Н 
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CrCl,.6H,0 [Cr(C,04),]*- 
[Co(NH;),(NO,),]* [Cr(en)j]*s 
[Cr(en);Br,]* 7: 
[Pt(en)Cl,] 


Objective type : 


7:16. Answer by yes or no D 

(а) A double salt, on 
all the constituent ions. 

(b) When excess NH,OH is added to 
water, the blue colour o 
double salt, 


dissolution in water, gives the tests for 


а solution of CuSO, in 


f the solution is due to the formation of a 


« i$ an imperfect c i 
PA s omplex, but K,Cu(CN), is а 
(е) The IUPAC name of [Co(NH. 
aquo cobalt (TIT) chloride. Кт 
(f) In Ni(CO),, the nickel atom is i 
(g) The complex [Cr(en),ci]ci 
isomers. 
(h) Pt(NH,),Cl, can Dot give rise to cis-trans isomerism 
(i) Acetylacetone can form inner-metallic complex wi Zi 
th Zinc(II 
and Co(II). ier аи 
(j) In the nickel (II) dimeth 
structure is stabilised by hydrogen 


717. Fill up the blanks bya 


(a) In the complex Co(NH, 
called —— , 


j (d) K;Cd(CN) 


20]Cl, is pentammine 


n the зрз hybridised state, 
Can give rise to optical 


yiglyoxime 


Complex, the trans- 
bonding, 


рргорпаје Words : 


JeCl,, the ammonia molecules are 
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(b) The coordination number of cobalt (III) in the above 
complex 5 —— . ` 3 

(c) The stereochemistry of the above complex is —— . 

(d) Ethylenediamine is a -—— ligand in the complex Со(еп) СТ. 

(e) In square planar complexes of the type MA;B;, 
isomerism can occur. 

(f) —— isomerism is possible in complexes containing an 
ambidentate donor inside the cordination zone. 

7:18. Tick the correct answers : 

(a) Optical activity is possible in (i) [Co(NHs),]**, (ii) [Cr- 
(H3O),CIg], (iii) (Co(en);Cl;]*. 

(b) The shape of [Ni(CN),]^ is (i) tetrahedral, (ii) square 
planar, (iii) pyramidal. 

(c) The type of hybridisation involved in [Fe(CN),]*” is 
(i) sp°d?, (ii) dsp?, (iii) d?sp?. 

(d) Among the following complex compounds, the one exhibit- 
ing highest conductance value is (i) [Co(NH;),]Cl, (ii) Co(NH;), 
(H;O)CI]Cl,, (iii) [Co(C,O.) (NH3)4]CI. 


CHAPTER VIII: INERT GASES OR RARE GASES. 


Essay-type : 

1. Write a short account of the discovery of the inert gases. 
Why are they so called ? 

2. Name the inert gases. What are their sources and how are 
they isolated ? Discuss their properties and uses. | 

3. Discuss the position of the inert gases in the Periodic Table 
and justify their placement. 

4. Describe a suitable method for the separation of rare gases 
from their mixture. 

5. What are the various sources of helium ? Describe a method 
of its isolation from any of these sources. Mention the properties 
and uses of the gas. Do you know any peculiar property of liquid 
helium? Discuss it, 

6. Describe the procedure of isolating inert gases from liquid air, 

7. Give an account of the various types of compounds that 
are formed by the rare Bases. Write down the stucture of xenon- 
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platinum hexafluoride. Discuss the nature of chemical bond in 
xenon fluorides. 

8. Discuss the important uses of rare gases in industry, 
scientific research and in everyday life. 
Short answer type : 


9. Write short notes ор : (a) Clathrate or enclosure compounds 
of rare gases ; (b) Isolation of helium from natural gases ; (c) Justi- 
fication of the placement of the "inert gases in the zero group of the 
Periodic Table ; (d) Peculiar properties of liquid helium ; (e) Uses 


of inert gases in industry ; (f) Electronic structure of the atoms of 
inert gases and its effect. 


10. Why the inert gases do not form diatomic molecules ? 

11. Comment onthe following: (a) There is very little likeli- 
hood of the formation of compounds of He and Ne ; (b) Discovery 
of the rare gases has completed the Periodic Table. 


12. How the elementary nature of the inert gases Was estab- 
lished ? 


13. Give reasons for the inertness of the rare gases. 
14. Why the molecules of the rare gases are considered to be 
_ monatomic ? 
Objective-type : 
15. Fill up the blanks : 
(а) The value of C,/C, of inert gases is — . 
(b) Radon is used for treatment of — , 
(c) Neon light is — in colour. 
(d) Radon is obtained from — , 
(e) . The inert gas used for filling airships and balloons is — . 
(f) Liquid — is very helpful in Producing extremely low tem- 
peratures. 
(g) The inert gas found in appreciable quantity in atmosphere 
is—. 
16. Decide whether the following are true or false : 
(a) Radon may be isolated by the fractionation of liquid air. 
(b) The common electronic configuration of the outermost 
shell of an atom of an inert gas is 520, 
(c) The moleculs of inert gases are diatomic, 
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. (d) Helium is used in gas balloons instead of hydrogen because , 
it is lighter than hydrogen. 
17. Choose the correct answer in the following : 
(а) Rare gases are chemically inert because— 
(i) they have stable electronic configuration. 
- Gi) they are electrically neutral. 
(li) they have high ionisation potential. 
(iv) they have low electronegativity- 
(V) they are monatomic. 
(b) The rare gds obtained during radioactive disintegration. is 
(i) Neon, (ii) Radon, (iii) Krypton, (iv) Xenon, (У) Argon. 
(c) The rare gas, having the least jonisation potential is (i) He 
(ii) Ar, (iii) Rn, (iv) Kr, (V) Ne. у 


CHATER IX : HYDROGEN, WATER AND HYDROGEN 
PEROXIDE: 


Essay-type : | 

1. Discuss the position of hydrogen in the Periodic Table. 

2. Show, with relevant reactions, that hydrogen can be prepared 
from water, acids and alkalis. How is the gas manufactured ? State 
the important uses of the gas. 

3. Give an account of the isotopes and allotropes of hydrogen. 

4, What is heavy hydrogen ? How is it prepared ? Discuss its 
important reactions. Compare the properties of heavy hydrogen 
with ordinary hydrogen. 

5.. What is *nascent hydrogen" ? Why is it a more energetic 
reducing agent than ordinary hydrogen gas ? Give а few examples- 
of the stronger reducing power of nascent hydrogen. 

6. Give a,short account of ortho and para hydrogen. - Are these 
forms possible also for other gases? How does the proportion of 
the above two forms of hydrogen in à volume of the gas Vary with 
temperature? How para hydrogen can be isolated ? 

7. What are hydrides 1 Give an account ofthe different types 
of hydrides, discussing the nature of the bonds involved in their 
formation. 
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8. To what causes the hardness of water is due? How hard 
water is classified. Describe a method for the removal of different 
types of hardness in water. 

9. What are the disadvantages of hard water? Discuss the 
various methods used for softening hard water. 

10. What is lather? Why hard water does not form lather? 
How the hardness of water is estimated ? 

11. What are ion-exchange resins? How are they used for 
softening hard water? Discuss the differences between the permutit 
process and the ion-exchange process of softening hard water. 

12. Describe a method of determining the gravimetric composi- 
tion of water. Discuss the structure of H,O molecule. 

13. Whatis heavy water ? How is it prepared ? Discuss the 
salient properties of heavy water which are different from ordinary 
water. What are the uses of heavy water ? 

n How is hydrogen peroxide prepared (i) in the laboratory 
E (ii) on a large scale? Mention its important properties and 

uses. A 


“15. ‘Hydrogen peroxide can act both asan 
areducingagent. Give some examples (with Chemical equations) 
to prove the above statement. What is the reason for such be- 
haviour of hydrogen peroxide? Discuss the formula and the 
'structure of hydrogen peroxide molecule. 


16. Describe a method of prepari 
paring hydro HR 
laboratory. How the dilute solution, Мао im thd 


tion, is concentrated ? What is meant о vd ditis 4 
H,O, solution ? What is Merck’s perhydrol ? IUE 
Short answer type : 

17. Write short notes on: (a) Nascen 
hydrogen ; (о) Ortho and Para hydrogen ; (d) Isotopes of hydrogen ; 
(е) Deuterium and its oxide; (f) Tonic ог saline hydrides ; 
(p) Covalent hydrides; (h) Metallic or interstitial hyd ides ; 
(i) Hydrolith ; G) Occlusion of hydrogen ; (k) Water as a solvent : 
(D, Catalytic action of water; (m) Hard and soft M 
(m) Permutit process of softening hard Water ; (n) Ion-exchange 
process of softening hard water; (o) Soft and de-ionised water ; 
(p) Heavy water (q) Strength of H,O; solution ; (г) Addition com- 


oxidising agent and 


t hydrogen ; (b) Atomic 
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pounds of hyrogen peroxide ; (s) Peroxides, peracids and their salts ; 
(t) Structure of H,O and» НО molecules; (u) Perhydrates ; 
(Y) Electropositive and electrongative character of hydrogen. 

18. Explain why : 

(a) Nascent hydrogen is a more powerful reducing agent than 
Ordinary molecular hydrogen. 

(b) Very pure zinc reacts slug 
to produce hydrogen. 

(c) Dilute HNO, is not used to prepare hydrogen by its reaction 
with commercial zinc. 

(d) Н.О isa liquid while H:S is a gas at ordinary temperatures. 

(е) Hard water is not used in boilers. 

(f) Chemically pure water should not be use 
purpose. 
; (g) Hydrated barium peroxide, and not the anh 
is used for the preparation of H,Os in the laboratory. 

(b) Asolution of H,O, is generally stored after adding some 
preservative. 

G) Hydrogen peroxide can act bo 
reducing agent 

() Permanganic acid and perchloric acid are not peroxy 
acids. 1 

(k) Molecular hydrogen 
ordinary temperatures. 


19, What happens when the following react 

chemical equations wherever possible and men 
. 9f the reactions : 

(a) Ferro-silicon and soda-lime, 

(b) -Calcium hydride and water, 

(с) Potassium iodide and hydrogen peroxide, — 

(d) Potassium ferrocyanide and hydrogen peroxide, 

(е) Potassium ferricyanide and hydrogen peroxide, 

(f) Silver oxide and hydrogen peroxide, 

(в) MnO, (added in small quantity or in exe 
Sf H,O,, 

(h) Barium hydroxide and hydroge 

(i) Chromic acid (K,Cr,O;- dil. Hs 


gishly with dilute НСІ or H;SO, 


d for drinking 


ydrous variety, 
th as an oxidising and a 


is chemically not very reactive at 


2 Give the necessary 
tion the conditions 


ess) and a solution 


n peroxide, 3 
80,) and hydrogen peroxide, 
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Objective-type : 

20. Decide whether the following are true or false : 

(a) In ortho hydrogen, the nucleii spin in opposite directions. 

(b) Hydrogen peroxide molecule is planar. 

(c) Heavy water is obtained by exhaustive electrolysis of 
ordinary water made alkaline. і 

(d) Ionic hydrides react with water to give basic solutions. 

(e) Heavy hydrogen (deuterium) has the same number of 
nucleons as ordinary hydrogen. і 

(f) Isotopes of hydrogen have different number of protons. 

21. Fill up the blanks : | 

(a) Ordinary hydrogen is a mixture of ——% ortho H, and —% 
para-H;. 

(b) An example of metallic hydride is —— . à 

(c) High boiling point of water is due to —— . 


(d) When molten sait-like hydrides are electrolysed ћудгорет 
goes to the ——. 


(c) In para hydrogen, the two nucleii have —— spins. 
(f) The hydride ion is isoelectronic with —— , | 
(в) SiH, is an example of —— hydride. 

22. Choose the correct answer : 

(a) Heavy water 15 a compound of— 


(i) oxygen and heavier isotope of hydrogen ; (ii) hydrogen and 


heavier isotope of oxygen ; (iii) heavier i 
> ie 
and oxygen. т isotopes of both hydrogen 


(b) Isotopes of hydrogen have— 
(i) different number of electrons: (i) 4; 
X pe > (ii) d f 
protons ; (iii) different number of et ae SP lY E. 
(c) Ionic hydrides react with water— à 
(i) to give acidic solutions ; (ii) to give basic solutions ; (iii) t° 


e hydride ions ; (i 
P aim (iv) to produce protons; (vj to produce 


(d) Ortho and para hydrogen— 

(i) have different masses ; (ii) have different atomic numbers? 
(iii) have nucleii spinning in different ways ; (іу) have electron? 
spinning in different ways. 

(e) High boiling point of water is due to the presence of— 
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(i) polar bond; (ii) hydrogen bond ; (iii) electrovalent bond ; 
(iv) covalent.bond. 

(f) The sample of hydrogen produced by the electrolysis of dil. 
8,50, using Pt-electrodes under-high current density is termed 

(i) nascent hydrogen: (ii) atomic hyydrogen; (iii) active 
hydrogen ; (iv) ortho hydrogen. 

(g) When a crystalline substance is exposed to air, it may 
crumble to a powder. The phenomenon is called 

(i) hydration ; (ii) deliquescence ; (iii) efflorescence. 

23. Arrange the following hydrides in the decreasing order of 
their (a) stability, (b) solubility in water and (c) acidity : 

() NH; ; (i) PH, ; (iii) AsHa ; (iv) SbHs and (v) BiHs. 


CHAPTER X: METALS AND METALLURGY. 
Essay-type : 


1. How do the metals occur in nature ? What is the difference 
between the ‘ore’ and ‘mineral’ of a metal? Discuss the various 
operations necessary for obtaining a metalin the pure state from 
one of its ores. 

2. What is meant by the term ‘metallurgy’? Describe briefly 
the following metallurgical operations: (a) concentration of ore ; 
(b) calcination and roasting; (c) reduction and (d) refining 
of metal. 


3. Discuss, with suitable examples, the verious processes of 


. Tefining crude metals. 


Short answer type : 
4. Write short notes on: 


(8) Ores and minerals; (b) Gangue, flux and slag ; (c) Calcina- 
tion and roasting; (d) Magnetic concentration of ores; 
(©) Refining of crude metals; (f) Zone refining; (g) Electrostatic 
concentration of ores ; -h Self-reduction and air-reduction 
processes in metallurgy ; () Electrolytic reduction process in 
metallurgy ; (j) ‘ Blectro-refining of metals; (k) Thermal refining 
of metals. (l) Thermit process in metallurgy. 

28 
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5. Explain why 

(a) metals are generally good conductors of electricity ; 

(b) electrical resistance of metals increases with temperature ; 

(c) metals are generally malleable and ductile 4 

(d) metals are generally lustrous and opaque. 
Objective-type : 

6. Decide whether the following statements are true or false : 

(a) In air-reduction process, an oxide ofa metal is reduced 
by air. 

(b) Calamine (ZnCO;) ore is roasted to transform it into ZnO. 

(c) Self-reduction process is employed in the metallurgy of 
copper and lead. 


'(d) Highly electropositive metals are generally found narive. 


(e) The metals have higher densities than the non-metals. 


CHAPTER XI: ELEMENTS OF THE FIRST GROUP. 
Essay-type : 


1. Compare the properties of t 
metals) and those of their Principal compounds 
Ж 2. ав Ge contrast the chemistries of the metals of 
E den ind e metals) and IB (the coinage metals) Discus 
Justücation of placing the coi i 
Periodic Table. ret NU dy? y 


3. Givethe electronic confi 


discuss some of their в the alkali metals an 
configurations. les in the light of suc 

4. How does lithium occur in nature ? 
isolation of the metal from one Of its impo; 
important properties and uses of lithiu 

5. Show, with suitable examples, that Jithi differs 
considerably from the other alkali I ithium di и 
account for such behaviour of lithium 2 5. How would y 

6. “Lithium shows much 
belonging to the next higher grou 
is this phenomenon called? C 
above observation. 


he metals of Group ТА (the alkali 


Describe a method of 


Mportant ores. Mention thë 
m. 


resemblance to another meta! 
р of the Periodic Table”. What 
ite examples to corroborate 


1 
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7. Describe the manufacture of sodium by the Castner’s process, 
State the important properties and uses of the metal. Give a sketch 
of the apparatus used. 

8. How is sodium manufactured from common salt ? Discuss, 
with equations, the reactions of the metal with (a) hydrogen, 
(b) carbon dioxide, (c) ammonia, (d) water and (e) aluminium 
chloride. 

9. Starting from common salt, how would you manufacture 
five important chemicals? Mention the important uses of the 
products you mention. 

10. Describe the manufacture of caustic soda by the amalgam 
process, indicating the electrochemical principle involved therein. 
State the important uses of the material. 

11. Describe the method of the manufacture of sodium 
carbonate by the Solvay process. What is the more valuable 
ingredient in the process and how is it recovered after the prepara- 
tion of sodium carbonate ? 

12. How is potassium carbonate prepared on a large scale? 
Why it cannot be manufactured by the Soivay process? Discuss 
the important uses of potassium carbonate. 

13. How cesium and rubidium occur in nature? Describe their 
extraction and important uses. 

14. “The chemistry of the alkali metals may be regarded as the 

- chemistry of their ions.’’—Discuss. 


Short answer type : 


15. Write short notes on: (a) Causticisation of sodium 
carbonate; (b) Salt cake; (с) Soda ash; (d) Pearl ash; 
(е) Leblanc process of the manufacture of sodium carbonate. 

16. How the following substances are prepared and what are 
their important uses : 

(а) Lithium aluminium hydride; (b) Sodium peroxide ; 
(©) Sodamide ; (d) Sodium nitrite; (e) Sodium sulphide ; 
D Sodium bicarbonate ; (g) Potassium bromide ; (b) Potassium 
cyanide ; (i) Potassium bisulphate. 

17. Explain why ? 5 

(a) The alkali metals do not occur in.nature in the free state. 


436 s CHEMISTRY 


(b) Metallic sodium cannot be prepared through the electrolysis 
of an aqueous solution ot NaOH or NaCl. 

(c) Lithium exhibits much resemblance to magnesium. 

(d) Lithium carbonate decomposes on heating to give CO» 
but carbonates of the other alkali metals do not. : 

(e) Potassium carbonate cannot be manufactured by the Solvay 
process. 

(f) Potassium hydroxide solution, and not sodium hydroxide 
solution, is used to absorb CO, in the estimation of carbon. 

(g) Іопіѕайоп potential values of alkali metals are compara- 
tively high. У j 

18. What happens when : 
. (a) Caustic soda reacts with (i) chlorine, Gi) aluminium and 
(iii) arsenidts sulphide ? 

(b) Sodium nitrate reacts with caustic soda and zinc dusi ? 

(c) Sodium carbonate solution is added to a solution of ferric 
chloride ? , ? 

(d) Carbon dioxide gas is passed through brine which is 
saturated with ammonia ? 
um A E: carbonate and sodium carbonate are separately 


(f) Ammonia gas is passed ov i 
; ега mixture d 
molten potassium carbonate ? 3 nu si 


Mention the conditions of the reactions and write down their 

Д 
equations, | 
19. Distinguish between diaphra 


З gm cell and 1 
as used in the manufacture of caus ear ricathodelen 


tic soda by electrolytic process. 
Objective-type s } 

20. ЕШ up the blanks : 

(a) —— is the lightest of all the metals. 

(b) Lithium can be obtained by the elect i 
mixture of — . rolysis of a fused 

(c) Lithiim burns in nitrogen to form —_ 

(d) Sodium is —— electropositive than potassium 

(e) Lithium aluminium hydride is obtained by t ti s 
of — with an ethereal solution of AICh. . y treating an exces | 
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s (f) Thealkali metal, required as a nutrient for plant-growth 
is ——. 

(g) The oxidation number of sodium in Na,O, is -—— . 

21. Decide whether the following are true or false : 

(a) Sodium amalgam is used as a reducing agent. 

(b) An alloy of sodium and potassium is a liquid. 

(c) Sodium peroxide liberates Н,О, on treatment with warm , 
dilute acids. 

(d) Lithium resembles magnesium, since their electronegativities 
are almost the same. 

- (e) The electronegativity increases from Li to Cs. 
(f) Like sodium chloride, lithium chloride is also soluble in 


water. 
(g) Like potassium carbonate, lithium carbonate is also freely 


soluble in water. 
22. Pick up the correct answer in the following : 
(a) From the trends observed in the group of the alkali metals, 
francium should be 
(i) more electropositive than cesium. 
(ii) - the lightest of these elements. 
(iii) biggest in the size of its atom. 
(iv) the least ionisable. 


23. Pick out the correct statements— 
(a) The electronegativities of all the alkali metals are the same. 


(b) Lithium resembles magnesium in some respects though 
placed in different groups of the Periodic Table. 

(c) The electropositive character of the al 
With the increase of atomic number. 


(d) Alkali metals are strong reducing agents. — xd 
(©) Sodium and potassium may be characterised by their line 


Ikali metals decrcases 


Spectra. | 
(f) The flame coloration due to the alkali metals is due to their 


low boiling points. YA | 
(g) The alkali metals readily dissolve in liquid ammonia to give 
blue solution which is believed to be due to 
(i) ammoniated cations ; 
Gi) ammoniated anions ; 
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(iii) ammoniated electrons ; 
(iv) ammoniated cations and ammoniated electrons ; 
(у) ammoniated anions and ammoniated electrons, 
(h) Sodamide is prepared by 
(i) heating soda ash in ammonia 
(й) passing nitrogen over molten sodium 
(iii) passing ammonia gas over molten sodium 
(iv) passing ammonia gas through molten sodium chloride 
(v) passing ammonia gas through molten sodium hydroxide- 
24. Which of the following commercial names in the first colum” 
correspond to the chemical formulae in the second column : 


(а) Soda ash NaOH 
(b) Glauber's salt “NaNO, 
(c) Saltpetre Li,O 

(d) Baking soda Na,CO, 
(e) Lithia K:CO, 
(f) Pearl ash NaHCO, 


М№а,50,.10Н,0 
Na,CO,.10H,O 
Na,SO,. 


CHAPTER XII : 
Essay-type : 


l. What are the coina 
Д ве metals? Why are they so called? 
Compare the characteristics of the coinage metals and de impor” 
tant compounds. How far it is justified to place them in Group 19 
the Periodic Table ? 


THE COINAGE METALS. 


2. Write down the electronic c 


the coinage metals and discuss the important characteristics of thes” 
metals that are the outcome of such configuration. Why the pivalest 
copper salts are more stable than the monovalent Ks salts ? 

8. Give the лат ли the chemical Compositions of the impo” 
tant ores of copper. How is the pure metal obtained from i 
sulphide ore ? Name some important alloys of copper and mentio? 
the uses of the metal and its important alloys. 


onfigurations of the atoms of 
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4. How i i i 
PES s copper obtained from its ores by the wet process ? 
E om metallic copper, how would you prepare the following 
5 Let (a) cupric chloride, (b) cuprous chloride, 
uprous iodi i ; 
eee ide, (d) cuprous thiocyanate and (e) cuprous 
A How is copper sulphate manufactured ? Mention its 
CAKE uses. How copper sulphate reacts with the following 
ntion the conditions of the reactions and give the chemical 
equations) : 
4 (a) ammonium hydroxide solution, (b) potassium iodide solu- 
@, (c) potassium thiocyante solution, in presence of SO;, 
metallic copper, (е) phosphorus, (f) caustic soda solution in 


the cold and when heated. 
6. What are the chief ores of silver ? Name some principal 
оаа for the extraction of silver from its ores, discussing the 
mistry involved in each of them. 
E. ay do you understand by the term *tdesilverisation of 
? Deseribe an important method of isolating silver from a lead 


Ore. How is the metal purified ? State the uses of silver. 
valent compounds of silver. 


8. Give an account of the higher- 

9. Discuss the use of silver halides in photography and the 
Chemistry involved in it. 

10. How does gold occur 
methods used for the extraction 0 
ED the chemistry involve 

€ prepared and what are its uses ? 


Describe the important 
om its natura] sources, 
How is gold (III) chlo- 


in nature ? 
f gold fr 
d in them. 


Sbort answer type : 
ll. Write short notes 00: TTD 
(a) Blister copper, (b) Schweitzer's reagent (b) Desilverisation 
9f lead, (d) Cupellation, (е) Spitting of silver. (Ê) Quartation, 
(8) Use of silver halides in photography, (h), Purple ot Cassius, 
(i) Fulminating gold. 

12. (a) How are the fo 
ae cuprous chloride, 
chloroauric acid. 

Mention their important use 


ared : 


nces prep А 
(ii) silver nitrate, 


]lowing substa 
anide, 


(ii) cuprous су 
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(b) Discuss the use of silver nitrate in chemical analysis. 
13. What happens when : 
(a) Silver chloride is 
() boiled with a solution of caustic soda, 
(i) treated with a solution of ammonia, 
(ii) fused with sodium carbonate, 
(iv) treated with nascent hydrogen, 
(v) treated with potassium cyanide solution, 
(vi) treated with sodium thiosulphate solution: 
(b) A solution of silver nitrate is treated with 
(i) asolution of potassium cyanide ; 
(i) а solution of sodium thiosulphate 
(iii) a solution of potassium thiocyanate 
(iv) a solution of ammonia 
(у) asolution of sodium chloride, followed by a solution of 
ammonia. у 
(c) А solution of copper sulphate is treated with 
(1) a solution of ammonia, 
(i) a solution of sodium carbonate, 
(ii) а solution of sodium cyanide, 
(v) a solution of potassium ferrocyanide, 


(d) Dilute sulphuric acid is added to cuprous oxide and cupric 
oxide Separately. 


als are much less reactive than the alkali 


metals, although an atom of both Contains a single electron in it$ 


outermost shell. 

(b) The monovalent co 
colourless (or white), 
coloured. 

(c) Iodine is liberated when KI is adde 
ions, but chlorine is not liberated when К 

(d) Alkali metals are always monova 
show variable valency, although both 
their outermost electronic shells. 


compounds of copper are generally 
while the bivalent compounds are generally 


d toa solution of Cu** 
СІ is added, 

lent, while coinage metals 
contain a single electron 18 


| 
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(е) Simple compounds of bivalent gold are not available. 

(f) Cuprous and aurous compounds are unstable and Ag (ID 
compounds are not common. 

(g) The coinage metals often form covalent simple compounds, 


Objective-type : 
15. Completé the following : 
(a) The chemical name of Lunar caustic is —— . 
(b) The size of the gold atom is almost the same as that of the 
silver atom due to ——. 
(c) The increased density of the coinage metals is due to —— , 
(d) Coinage metals (and their ions) are of smaller size than 
thosé of alkali metals due to —- . 
(е) Copper does not dissolve in diiute H,SO, with the evolution 
of hydrogen due to — . 
(f) German silver is an alloy containing —— . 
16. ЕШ up the blanks : 
(a) Among the coinage metals, — has the biggest size. 
(b) Gold dissolves in — and the main product is —. 
(c) Proustite is an ore of —. 
(d) Sodium thiosulphate is used as a — agent in photography. 
(e) In India, gold is available at —. f 
(f) Silver chloride dissolves in ammonia solution with the 
formation of —. 5 
17. Pick up the correct answer : Я 
(а) А photographic plate is usually coated with a thin film of 
(i) AgCl; (i) AgBr; (ій) AgI; б) Ag,S,0;; (7) АОН. 
b) ‘Lunar Caustic’ is the name of — 
p Аво; (ii) AgO; (ii) AgOH; (iv) AgNOs; (V) Ав:50, ; 
(vi) [Ag(NH;):]0H. | 
(c) Skin is stained black in contact wi 
(i) the incipient charring of skin, А 
(ii) ' the deposition of black silver sulphide, 
AQUA n jf плаћа silver. 
i osition of finely 01 C ; 
"i A egg tarnishes a silver spoon black. It is due to 
G) the formation of finely divided Ag, 


th silver nitrate due to 
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(ii) the formation of Ag,O, -— 
(ii) the formation of AgCl which darkens on exposure to light, 
(iv) the formation of silver sulphide. Ч 
(е) Match the names of the metals in the first column with the 
namies of the ores in the second column : 


Copper Proustite 
Silver Calaverite 
Gold Chalcocite 
у Anglisite 
Brucite 
Smaltite. 


CHAPTER XIII: ELEMENTS OF GROUP II. 
Essay-type : 


1. Mention the general electronic configuration of the metals of 
Group ПА and that ofthe metals of Group IIB and discuss ће 
important characteristics of the metals of the two sub-groups. 


2. · Compare and contrast the chemistry of the metals of 
Group ITA with that of the metals of Group IIB, 


3. Discuss the analogies between magnesium, calcium, stron- 
tium and barium on the one hand, 


and zinc, cadmium an 
mercury on the other hand, and hence, justify the position of magne- 
sium as a bridge element between the two sub-groups. 

4 Discuss, with suitable examples, the Speciality in the 
chemistry of mercury, as compared with the other metals of 
Group П. 

5. Name and give the che 
tant mineral of beryllium, H 
State the uses of the metal an 


discuss the statement that ‘beryllium 

resembles more or less cl ium, а member of the next 
higher group of the Periodic Table’, 

7. What are the ‘alkaline earth Metals’ ? 


Why are they 50 
called ? Write a short account of their isolation 


and uses. Starting 
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with their sulphate, how would you prepare (a) one of the metals, 
(b) one of their peroxides and (c) one of their soluble salts. 

8. What are the chief ores of magnesium ? How is the metal 
extracted ? Discuss the chemical relationship of magnesium with 


calcium and zinc. 
9. How is metallic magnesium obtained from sea-water 7 Why 


has the metal become one of the important metals used in industry ? 
State the name, composition and uses of some of its important 
alloys. What is ‘magnesia mixture’ and what is its reaction with a 
solution of an arsenate ? 

10. What is bleaching powder? How is it prepared? State 
its important properties and uses. Discuss the constitution of 
bleaching powder. How could you estimate the amount of available 
chlorine in a sample of bleaching powder ? 

11. How is calcium carbide obtained on a commercial scale ? 
What are its important properties and uses? How calcium carbide 
can be converted into calcium cyanamide ? Give the important uses 
of calcium cyanamide. 

12. How does barium occur in nature? How is the metal. 
prepared from its important source ? Describe the preparation and 
mention the uses of the following : 

(a) Barium peroxide, (b) Barium chloride, 
(d) Lithopone. 

13. Name, with chemical compositi 
strontium and describe the isolation 
Mention some important compounds о 
preparation. 


14. Describe the preparation of rad 
State the characteristic 


(c) Barium carbonate, 


on, two important Ores of 
of the metal from them. 
f the metal and describe their 


ium from its important 
operties and uses of the 

natural source. prop Е 

metal. 

e of the important ores of zinc. 


ula 
he extraction of metallic zinc from 


of the metallurgy of the 
din a similar manner 2 


13. Give the names and form 


What principles are involved in t 
its ores? Describe a continuous process 


metal. Why cannot magnesium be prepare | 
16. What is the main source of metallic cadmium and how is 


it obtained therefrom? Name the important alloys of cadmium 
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and mention their uses. 
aqueous solution. 


Discuss the nature of cadmium. iodide in 


17. How does mercury occur in nature ? Describe how the 
metal is obtained from its important ore and purified. "What are 
the characteristic uses of the metal and on what do they depend ? 
Describe the prepartion of the halides, nitrates and sulphates of 
mercury. d 

18. How is commercial mercury purified ? Describe the action 
of heat on the following mercuric salts : 
nitrite, sulphide and thiocyanate. 
Describe two simple tests by which y 
chloride from mercuric chloride. 

19. What is Nessler's reagent? Ho 
its use, indicating the reactions involved 

20. Givea short account of ammo 


21.. *Mercury is formally bivalent, although electrochemically : 
unipositive in the mercurous compounds,” —Mention the various 
experimental proofs to corroborate the above Statement. 


22. Compare the properties of the metals of Group IIB and their 
important compounds. 


23. Starting from metallic Mercury, how would you prepare 
the following: (a) mercurous nitrate, (b) mercuric oxide; 
(O) mercurous chloride and (d) mercuric chloride, Mention the 
important uses of these compounds, Ў 


chloride, cyanide, nitrate, 
Give equation in each case. 
ou could distinguish mercurous 


w isit prepared? Mention 


nia-mercury compounds. 


Short answer type : 


24. Write short notes'op : 
(а) Carbotherma] proces; 
cement, (c) Quick lime and slaked lime, 


salt, (f) Bleaching Powder, (g) Plaster of Paris, (h) Calcium carbide, 
(i) Superphosphate of lime, (j) Lithopone, (k) Spelter, (1) Philoso- 
Pher’s wool (m) Galvanising and Sherardizing of articles. 
(n) Rinmann's green, (o) Separation of Cu** and Cd** in qualitative 
analysis, (p) Calomel, (4) Corrosive sublimate, (r) Fusible and 
infusible white precipitates, (s) Millon’ (0 Nessler's reagent. 

25. How are the following Substances prepared ? What are 
their important uses ? j 


5 of extraction of magnesium, (b) Sorel's 


(9) Anhydrone, (е) Epsom 


S base, 
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(a) Anhydrous magnesium chloride, (b) Magnesium perchlorate. 
(с) Magnesium sulphate heptahydrate, (d) Magnesium carbonate 
(e) Calcium hydride, (f) Quicklime, (g) Fused calcium chloride: 
(h) Bleaching powder, (i) Plaster of Paris, G) Calcium Sum 
(k) Calcium cyanamide, (I) Barium peroxide, (m) Lithopone, 
(n) Anhydrous zinc chloride, (о) Calomel, (p) Corrosive sublimate, 

26. Explain why 


(a) Beryllium shows covalency, while the other members of the 
alkaline earth family show electrovalency. 

(b) NaOH is a stronger base than Ba(OH),. Р 

(с) The Ist ionisation potentials of the alkaline earth metals 
ate very low as compared with the 2nd ionisation potentials. 

(d) Beryllium differs much from the rest of the alkaline earth 
metals. 

(e) Although Zn and Ca both have 4s* electrons in their valency 
shells, yet they differ considerably from each other. 

(f) The alkaline earth metals are harder, denser and melt at 
higher temperatures than the alkali metals. 

(g Mg(OH), is not precipitated by NH,OH from solutions 
containing large excess of NH,CI. 

(h) Anhydrous magnesium chloride cannot be prepared by 
heating MgCl,.6H,O. 

27. What happens when: (Give conditions and equations of 
the reactions) : 1 

(a) Water acts separately on (i 
carbide, (iii) calcium phosphide, 
calcium chloride, (vi) calcium cyana 

(b Ammonium hydroxide is gade 
chloride (i) in the presence and (ii) i 
chloride, (Give TE pe а ofzincchloride (i) in 

(c) HS gas is passe ROSA NH,Cl and NH,OH. 
NH,OH is added to a solution of 


metallic calcium, (ii) calcium 
(iv) calcium nitride, (v) fused 
mide, (vii) plaster of Paris. 

dded to a solution of zinc 
n the absence of ammonium 


the presence and (ii) in t 
(d) A dilute solution of 
Nessler's reagent. : 1 
(e) form of potassium iodide is added to а SOI of 
mercuric chloride. 
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(f) Mercuric sulphate and mercuric cyanide are separately 
heated. 


(g) Bleaching powder reacts with a strong aqueous solution of 
ammonia, 


(h) Excess of KCN solution is added to а solution of cadmium 
chloride and H;S gas is then passed through the mixture. 

(i) Mercurous chloride is treated with ammonia. 

(j) A solution of mercuric nitrate is gradually heated. 


28. (a) Mention the different tests you would perform to 
differentiate between a mercuric salt and a mercurous salt. | 


Objective-type : 
29. Complete the following : 
(a) Superphosphate of lime is a mixture of— 
(b) The formula of бегу] is— 
(c) Nessler's reagent is — . 
(d) Mercury fulminate is — , 


(e) The chemical formula of the Millon's base is—. 


30, Choose the correct statement in the following : 
(a) (i) Beryllium is more electropositive than magnesium. 
Gi) Alkaline earth metals are good reducing agents. 
(iii) Beryllium resembles aluminium closely in its properties, 
though it belongs to a different group of the Periodic Table. 
E He eas dde of the alkaline earth metals increase with 


(b) AgCI is soluble in ammonia due to the formation of 
(i) [Ag(NH;)o}**, (i) [AB(NH;),*, (iii [Ag(NH A1*. 
(iv) [ANHO], (v) AgNH;. ig 


(о) Beryllium and aluminium have similar properties because 
() they belong to the same group of the Periodic Table 

(ii) they have nearly the same electronegativity VE у 

Gii) they have the same ionisation potential. 

(d) Plaster of Paris is 

(i) CaSQ,.H,O, (ii) CaSO,2H,0, 


ii) CaSO,.6H,0, 
(v) CaSO,LSH,O, (v) 2CasO, у ст 


-H,O. 
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31. Match the name of the metals in the Ist column with the 
name of the ores in the 2nd column : 


Beryllium Calamine 
Magnesium Phenacite 
Calcium Witherite 
Strontium Franklinite 
cinnabar 
Barium Greenockite 
Zinc Tiemannite 
Cadmium Celestine 
Mercury Kiesserite- 
‘Phosphorite 


CHAPTER XIV : ELEMENTS OF GROUP HI. 


Essay-type : 

1. Give the electronic configurations of boron and aluminium. 
Compare and contrast the properties of boron with those of alu- 
minium and also those of the compounds of the two elements. 

2. What is meant by ‘diagonal relationship’ in periodic classifi- 
cation ? Discuss the diagonal relationship of boron and silicon. 

3. How does boron occur in nature? Describe the isolation of 
boron from its important natural source and discuss the important 
properties and uses of the element. 

4. What are the allotropic modifications of boron ? How are 
they prepared ? Mention the important difference in ES of 
theallotropes of boron. Starting from a mineral of boron, how 
would you prepare (a) boricacid, (b) borax and (c) potassium 
ME. 3s account of the hydrides of boron with special 
he important properties of diborane. 


т i . Discuss t ; 
eference to diborane ЕКЕ Sftue- 


6. What is diborane? How is it prepare 
ture of diborane. А f 
7. What is borax? Write down its chemical formula. What 

t an rces of borax ? Describe the prepara- 
tarting with borax, 


hief minerals. 5 


are the important natural sou 
ide, (b) boron trioxide, (c) boron 
3 


tion of borax from one of its С е 
how can you obtain (a) boron nitr 
trichloride and (d) boric acid ? 
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8. What 15 borax bead test? Name the metal ions that can be 
detected by this test. Discuss the chemistry of borax bead test. 

9. Discuss the chemical properties of boron in relation to 
carbon and aluminium. 

10. Give the preparation and properties of the boron halides- 
Why аге tnese halides called Lewis acids ? 

11. Give a short account of the various boric acids and their 

„salts. How is H;BO; prepared from colemanite? Discuss its 
important properties and uses. 

12. Name the chief ores of aluminium and write down their 
formulae. How is the metal extracted from its principal ore ? Name 
some’ important alloys of aluminium and mention the uses of the 
metal and its important alloys. ; 

13. How is aluminium extracted from bauxite ? What is the 
function of cryolite in the above extraction ? Describe the method 
of refining alumininm. 

14. Describe the extraction of aluminium from its silicate ores 
and clays. In what form and in which localities in India do the 
aluminium ores occur ? . 

15. What are alums? Mention the names and composition of 


some important alums, How is common alum manufactured and 
what are its important uses ? 


16. Compare boron with silicon, 


Short answer type : 


17. Write short notes on: 

(a) Boron hydrides, (Ы) Tnorganic benzene or borazoler 
(c) Borax, (d) Borax bead test, (е) Peroxyborates and borate 
peroxyhydiates, (f) Cationic complexes of boro ) Gold- 
schmidt's thermit PIOS E (h) Alumina, (i) Alums @. eras 
(к) Complexes of aluminium, (l) Мена] borohydrid s Boro? 
nitride, (n) Cryolite. es, (m) 


^18. Howare the following substances best prepared and what 
are their uses : j у 

(a) Boric acid, OBER (с) Anhydrous aluminiu” 
chloride, (d) Aluminium sulphate, (o) Potash alum, (f) Ultr?" 
marine blue, (g) Synthetic cryolite, , , 
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19. Explain why 

(a) Boron differs much from aluminium. 

(b) While aluminium forms both covalent and electrovalent 
compounds boron mostly forms covalent compounds. 

(c) В(ОН) is acidic but Al(OH), is amphoteric. 

(d) Boron halides act as Lewis acid. 
. (& Aluminium cannot be prepared. by the carbon-reduction of 
purified alumina. 

(f) An aqueous solution of borax is highly alkaline. 

(g) An aqueous solution of aluminium chloride reacts acidic. 

(h) AICI, is low boiling (b.p. 183°C) while AIF; is high boiling 
(b.p. 800°C). 

(i) Boric acid is very wea 
on adding glycerol to it. 

(j) Boron trifluoride is an 

20. What happens when 
equations of the reactions) : 

(a) A piece of metallic a 
copper sulphate. 

(b) Metallic aluminium i 

(c) Metallic aluminium i 

(d) A solution ofsodium carbonate 
an aluminium salt. 

(e) Powdered aluminium 

(f) Powdered borax is gradually heated to a hig 

(g) Diborane reacts with KOH solution. 


(h) Diborane reacts with ammonia. 
(i) Boric acid is gradually heated to a high temperature. 


G) Dry ammonia gas is passed over anhydrous AlCl. 
21. How would you prove that (i) aluminium has a great 
affinity for oxygen ; (ii) BFs is an electron-deficient compound, 


(iii) Al(OH); is amphoteric, but B(OH)s is acidic. 


Objective type : 
22. Pick up the correct а А 
When orthoboric acid is hi ET 
i ^ an d acid, 
() boron, (ii) boron trioxide, (iii) pyroborie 
(V) metaboric acid. 
29. 


k, but it can act as a strong acid 


acceptor of electron-pair. 
(Give the conditions and chemical 


luminium is dipped in asolution of 


s heated in a current of nitrogen. 


s treated with nitric acid. 
is added to a solution of 


reacts with Ст,Оз. 
h temperature. 


nswet : y 
red heat. the residue is 
(iv) borax, 
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23. 


(a) 
(b) 
(c) 
(à) 
(e) 
24. 


(а) 
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Which of the following statement regarding H;BO, is false : 


It acts as a monobasic acid. 

It is formed in the hydrolysis of borax. 
It is soluble in hot water. 

It has a planar structure. 

Jt acts as a tribasic acid. 


Choose the correct answer : 
Pure boron is best prepared by 


G) Beating B,O, with He. 

(ii) heating BO; with Na or K. 

(iii) heating KBF, with Na or K. 

(v) heating BBr, with hydrogen in presence of a catalyst. 
(v) heating KBF, with hydrogen in presence of a catalyst. 


(b) 
(i) 

(c) 
) 

(d) 
(i) 

(е) 
G) 

(f) 
(i) 

25. 
(a) 
(9) 
(о) 
(d) 
(е) 
(D 


(2) 
(b) 


Inorganic benzene is 

В.Н, (8) B303H, (iii) BO;H i 

, Ha (iv) B,N,H,, (v) BHs 
pud test can be used to detect the DE 5 

Al (ii) Mg, (iii) Mn, (iv) Na, (v) Ca. 

B(OH), is 


basic, (ii) amphoteric, (iii о ША 
BO photeric, (iii) acidic, (iv) neutral, (v) unstable. 


acidic, (ii) basic, (iii) ionic, (iv i i 
ВЕ, reacts with NH, to a ) an ozonide, (у) amphoter!© 
BN, (fi) ВН, (iii) BNH,F,+HF, (v) BF;NHs 
Complete the following : | 


— hybridisation is involved i n ? 
Aluminium carbonate is E ide iu t—' 
BFs acts as a strong Lewis acid due to Ње. Ға 5 id tha 

A ce е borax reacts alkaline due to ie at— . 
Crystalline boron is — reacti . 

2s formula for jeweller's oo soy aan poe poron 

BF, is hydrolysed by water to PATERE A 

AIN reacts with heated NaOH solution eg pressure to 


form — and — - 


0) 


The formula of potash alum is — , 


CHAPTER XV: ELEMENTS OF GROUP IV B. 


Essay-type 5 

1. Discuss the chief analogies which justify the inclusion of 
carbon, silicon, tin and lead in the same group. 

2. Compare carbon and silicon, discussing the element and their 
oxides and chlorides. Compare carbonic and silicic acid and their salts. 

3. Compare the physical and chemical propertics of the elements 
— carbon, sillcon, tin and lead, with special reference to their 
oxides, hydrides and halides. 

4. What are allotropic modifications? How many allotropic 
modifications of carbon are known? Discuss them with special 
reference to their structures, properties and.uses. How would you 
prove that all of them contain’ one and the same element 7 

5. Compare the elements boron; carbon and silicon, along with 
their important compounds. 

6. How the crystalline allotropes of carbon have been obtained 
artificially. Compare the properties of the various allotropic 
modifications (both crystalline and amorphous) of carbon. ; 

7. Wirite a short account of carbides, classifying them according 
to their structures and also on their behaviour with water. 

8. How would you prepare and collect a sample of carbon 
monoxide? Write down what you know about the composition 
and structure of the compound. How and under what conditions 
does carbon monoxide react with (i) nickel, (ii) cuprous chloride, 
(iii) sodium hydroxide and (iv) hydrogen ? 

9. Whatare metal carbonyles ? Write a short essay on then, 
indicating their ‘general methods of preparation, properties and 
Structures. 

10. Explain what is meant by crabonisation of coal. Discuss 
the relative advantages and disadvantages of the low and high 
temperature carbonisation of coal. j 

Describe the high temperature carbonisation of coal, indicating 
the steps adopted to recover the important by-products. 

11. Whatis coal gas? Write down its average composition. 
Describe the manufacture of coal gas, mentioning the important 
by-products of the process and their uses. 
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12, What are water gas and producer gas? Describe their 
manufacture. How can pure hydrogen be obtained from water gaS ? 
Mention the uses of the gases. 

13. Describe the preparation of carbon disulphide. Discuss 
its properties and structure. Compare and contract its properties 
with those of carbon dioxide. о 

14.. Write a short essay on gaseous fuels. 

15. Starting from a reasonably pure specimen of natural silica, 
such as white sand, how would you prepare (i) silicon tetrachloride, 
(i) hydrofluosilicic acid, (iii) silica gel (iv) silicon and 
(c) carborundum. 

16. Whatis glass and how is it made? How glass is classified 
according to its composition. Discuss the variation of properties 
of different types of glass. What are coloured glasses ? How various 
colours are incorporated in glass ? 

17. How the silicates are classified according to their structures 7 
Giveran "important example of each class of silicate. What аге 
aluminosilicates ? Mention some important examples of them. 


18. Discuss the structure of SiO,!--ion. Show how the different 
types of silicates Structurally arise as a result of different 
manners in which these structural uni ) З А 

nits о == nke' 
together. f SiO,*--ions are li 


19. What are sili t ; 
Praes e silicones and how they are prepared ? Discus’ 
à portant properties and uses of silicones, 
у 20r HOW does crystalline silica occur in nature ? What 
different modifications of these fi d he 
(eet f É · these forms are known? Discuss t 
structure of crystalline silica and Mention 
and uses. 
.. What i 
x 21 are silanes and how they are prepared ? Discuss the 
important properties of the silanes, 

22. Name the chief natural source of tin and describe brieflY 
the metallurgy of tin from this source, How and under what 
conditions does tin react with (i) hydrochloric acid, (ii) nitric 209 
and (iii) chlorine ? Give equations of the reactions, Name t G 
important alloys of tin and their uses. 

23. Compare and contrast the properties of tin and lead, and 
their chief compounds. Starting from metallic tin, how would yos 


its important propertic* 
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prepare (i) stannous chloride and (ii) stannic chloride? Discuss 
in short, the main characteristics of these two compounds. 

Compare the merits and demerits of sinning and galvonisation. 

24. Mention the principal ores of lead and give their formulae. 
Describe the metallurgy of lead from its principal ore. What 
valuable metals are generally associated with lead in its ores? State 
the important uses of the metal and its important alloys. 

25. Describe the concentration of poor argentiferous lead by 
(i) Pattinson’s process and (ii) Parke’s process, indicating the 
theoretical principles involved therein. How do the compounds of 
quadrivalent lead differ from the corresponding | compounds of 
bivalent lead. Discuss the justification of placing lead in Group IV 
of the Periodic classification. 

26. What is white lead? Describe the Dutch process of its 
manufacture. Mention its uses, indicating disadvantages, if any. 

27. Describe a lead storage battery and discuss the chemical 
changes that take place during its charging and discharging. 

28. Starting from metallic lead, describe the preparation of 
the different oxides of lead. What tests would you perform to 
distinguish between these oxides ? 

Short questions : 

29. Write short notes on : 

(a) Semi-weter gas and carburetted water gas, 
ness of СО, in the life proeesses of plants and animals, (c) Artificial 
diamond, (d) Artificial graphite, (е) Activated charcoal, (f) Metal 
carbonyls, (g) Percarbonates and carbonate perhydrates, (h) Phosgene, 
(i) Freons, (j) Metallic cyanides, (К) Cyanogen, (1) Gaseous fuels, 
(m) Carbonisation of coal, (n) Silanes, (0) Silico-chloroform, 
(р) Silicones, (а) Silica gel, (г) Water glass, (5) Cationic silicon, 
(0 Glass, (u) Annealing of glasswares, (У) Artificial gems 
(w) Mosaic gold, (x) Carborundum, (y) Calcium carbide, (z) De- 
silverisation of lead, 

30. How are the following substances best prepared : 

(a) Activated charcoal, (b) Potassium perdicarbonate, (c) Carbon 
disulphide, (d) Carbon terachloride, (е) Silicon tetrachloride, 
(g) Silico-chloroform, (h) Hydrofluosilicic acid, (i) Water glass, 


(b) The useful- 
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(j) Silica gel, (k) Stannic chloride, (1) Red lead, (m) Lead tetra- 
chloride, (n) Lead tetraacetate ? 


31. Explain why 


(a) Diamond is very hard while graphite is soft and slippery» 
although both are the allotropes of carbon. 

(b) Graphite conducts electricity but diamond does not. 

(c) Carbon dioxide is a gas, while silicon dioxide is a solid. 

(d). CO; exists as discrete molecules, but SiO, forms giant 
molecules of limitless SiO; units. 

(e) SiCl, is hydrolysed by water, but ССІ, is not. 

(f) Lead pipes are not safe for the transport of drinking water- 

(g) Lead pipes are slowly corroded by hydrochloric or sulphuric 
acids but are more rapidly corroded by acetic acid or nitric acid. 

(h) Damaged kerosine tins deteriorate quickly. 


G) Lead tetrachloride is known, but not lead tetrabromide oF 
tetraiodide. 


G) The Pb (П) and Sn (П) compounds are more ionic than the 
Pb (IV) and Sn (IV) compounds. У 


(k) Wood charcoal (density=1-4—1-9) floats on water. 
(D 10 ml. of N/10 Ма,СО; is titrated with a N/10 solution of HC! 


using phenolphthalein and methyl orange indi m 
ind: 9 
the first case, the addition: of 5 ml ü nu 


- Of the acid solution changes the 
colour of the indicator, while i i 
І А n the second c. ac 
Solution are required, i P] 


32. What happens when : i iti i f 
the reactions) : * (Give conditions and equations 0 


(a) Conc. H,SO, reacts With potassium ferrocyanide. 
(b) Carbon monoxide reacts With caustic soda 
(c) Iron pentacarbonyl is dissolved i i £ 
лы іп са а th 
solution is then acidified, ae eae ie 


(d) А saturated solution of Potassium carbonate is electrolyse4 
with Pt electrodes. 

(e) Carbon disulphide reacts separate} 
sodium sulphide. 

(f) Fuming H,SO, is added dropwise to boiling carbo? 
disulphide. 


Y with caustic soda and 
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(g) A mixture of powdered copper sulphate and potassium 
cyanide is heated. 

(b) Potassium cyanide reacts with red lead. 

(i Silico-methane reacts with an alkali solution. 

(j) Silicon tetrachloride is heated with water. 

(k) Metallic tin reacts with conc. HNO;. 

(І) A solution of caustic soda reacts with stannous oxide. 

(m) A alkaline stannite solution is added to a bismuth salt. 

(n) Stannous chloride reacts with iodine. 

(o) Lead sulphate is treated with a solution of ammonium 


acetate. 
(p) Red lead is boiled separately with conc. НСІ and conc. 


H,SO,. 
(а) Red lead is dissolved in glacial ‘acetic acid and Cl, gas is 


passed into the solution. 
33, What is dry ice and how is it manufactured. Mention its 


uses. |. 
34. How would you effect the following inter-conversions : 
(a) CO 2 CO, 
(b PbO = PbO, 
(c) SnCh = SnCl, 
(d) SnS = SnS, 
(е) KCN 2 KCNO 


Objective-type questions : 

35. Pick up the correct answer : 

(a) Water gas in mainly a mixture of ^ ^ 

(i) CO and №; (ii) CO and Нь; (iii) CO and О; 
(iv) COandH,O; (v) N,and H:O. ў 

(Ь) Lead monoxide is 

(1) a basic oxide, (ii) a neutral o 
Oxide. А Te 

(c) When HF reacts with glass, the main product forme is 

(i) NaF, (ii) Саб, (ii) H,SiFs, (iv) NaF4-SiFo (У) SiH, 

(d) Glass is best described as 

. @) Asolid, (ii) A superco 

(iV) An occluded compound, 
Silica, 


xide, (iii) an amphoteric 


oled liquid, (iii) A solid solution, 
(vi). Polymerised 


(у) A colloid, 
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(е) Carbon disulphide burns with a blue flame on heating in 
air, producing 
(i) Carbon disulphide vapour 
(ii) СО, sulphur vapour 
(iii) CO + SO; 
(iv) CO, + SO, 
(у) СО; + SO;. 
36. Complete the following : 
(a) The carbide ion in calcium carbide is ——. 
(b) The important ore of tin is —— 
(c) Mosaic gold is ——. 
(d) —— is commercially known as water glass. 
(e) White lead and red lead are............respectively. 
(f) The formula of potassium thiocarbonate is ——. 
(g) Ammonium thiocyanate is also called ammonium ——. 


CHAPTER XVI: GROUP VB ELEMENTS : THE NITROGEN 
FAMILY. 


Essay-type : 


161. Write a comparative account of the Gr. VB elements 
based on the following: (i) Electronic configurations (ii) atomic 
volume, (iii) ionization potential, (iv) electronegativit (v) acid- 
base character and (vi) nature of bonding. d 

162. Clearly describe the Various points by which nitroge? 
differs from the rest of the Gr. VB elements. Discuss the reasons 
underlying such differences, : 

163. Describe the Haber process for the manufacture of ammo- 
nia, stressing on the physico-chemical Principle involved. Describe 
its physical and chemical properties and account for it basicity 
and structure. 

164 How are hydrazine, hydroxylamine and hydrazoic acid 
prepared ? Describe their more important properties and molecular 
structures. State their important uses. 

16:5. Present a brief account of the Oxides and oxyacids of 
nitrogen. 
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166. Discuss the physico-chemical principle underlying the 
Ostwald’s process of nitric acid manufacture from ammonia. Des- 
cribe the reaction of nitric acid with some metals and non-metals. 
How is ammonium sulphate manufactured in our country ? 

16:7. How does phosphorus occur in nature ? How it is obtained 
from the natural sources 2 Describe the different allotropic modi- 
fications of. phosphorus and account for the difference in reactivity 
of the different allotropes on the basis of their structure. 

16:8. Describe the preparation and properties of the oxides and 
.oxyacids of phosphorus and give their structures. 

16:9. Compare and contrast the hydrides of the Gr. VB elements. 
How is white phosphorus converted into red phosphorus and 
vice versa? How would you distinguish between NH;, PHs, AsHs, 
'SbH; and ВІН, ? 

16:10. Briefy describe the 


-of the halides and oxyhalides of phosphorus. 4 
16:11. Starting from bismuth sulphide, Bi;Ss, describe the prepa- 


‘ration of the following: (i) BiO, (ii) BiCls dii) BiO(NOs), 
(iv) sodium bismuthate (NaBiO,) and (v) pi,0, Give the more 
important uses of bismuth compounds. 

16:12. Describe the conditions under whic 


tances react and write the balanced reactio аР 
products obtained : (a) calcium carbide and nitrogen (b) sodamide 


and МО; (о) ammonia and NaOCl; (d) nitrogen and oxygen ; 
(e) nitrite ion and iodide; (f) BiCls and SnCl, guae AM. 
1613. Briefy discuss the chemistry involved in the 
and estimation of P, As, 5b and Bi. 
Short answer type : 
16:14 6) EM for the relative inertness of the nitrogen 
molecule. 
(b) “МН, is fa i 
(c) Hydrolysis of МСђ yie 
'HjPO, and HCI. — Why? eae Rea 
(à) NCI, is rapidly hydrolysed in water but NFs 15 DO 
Я is much larger than that of 


preparation, properties and structure 


h the following subs- 
ns, mentioning the 


— Explain. 


8 i is not’. 
irly basic but N's А d HOCI, but PCI, gives 


jds NHs ап 


Explain. 
(e) The dipo 
NF. — Why ? 


le moment of NCI 
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(f) “The NO-molecule can take part in coordination to a metal 
ion in three different forms."— Discuss. 

(g) ‘The difference in the chemistries of nitrogen and phospho- , 
rus is mostly due to phosphorus possessing d-orbitals."—Discuss. 

(b) Make a comparative study of HNO, and HNO, on the basis 
of the following: (i) acid strength, (ii) oxidation state of nitrogen; 
Gii) oxidising and reducing ability, (iv) structure of their 
ions. : 

(i) МН, isa good donor and forms many coordination com- 
plexes, but МЕ; or NCl, cannot act as donors, though all of them 
contain one lone-pair of electrons. 

(j) Write chemical equations (properly balanced) to show thé 
effect of heat on the following : 


(1) a mixture of NH,CI and NaNO,, (i) NaN,, (iii) Cu(NO3v» 
GÜN NH4NO;, (v) NaNO;. 


(K) AsCl, (or any salt of arsenic), on treatment with HCl and 


metallic zinc, produces a gaseous substance Which blackens a pape! 
moistened with AgNO, soln, 


What is the gas ound ? 
Is it an oxidising agent ? gaseous comp 
( Write balanced chemical e 


z quation of the reacti ccuring 
when calcium phosphate is heat action o 


molybdate. . ed with nitric acid and ammoniv™ 
E MAN EIS nitrogen from HNO; ? Or, prove that 
ENO Dy f Copper does not dissolve in НСІ but does so i? 
rU egit EMI Salts behave as acids in liquid ammonia 
nU Meis behave as bases in liquid ammonia solution.— 


(q) Of the Gr. VB elements, only: nitrogen can complete its 
‘octet’ by gaining three electrons, but the others cannot do so 

А —Explain why: 

(r) Nitrogen forms only tricovalent species, while the other 
members can form both tricovalent and hexa-covalent species 

—Explain- 


(s) In CH, and NH;, the central elements, C and N are in tHe- 
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sp?-hybridised state ; yet the CH, molecule is tetrahedral, while NH; 


is somewhat pyramidal. Why ? 
(t) Discuss the action of heat on NaH;PO, under different 


conditions. у 
(u) Anaqueous solution of ammonia reacts basic not because 
lone-pair of electrons, 


of the presence of ammonia itself with its own 
but because of OH- ions generated in water. —Explain. 

(v) The boiling point, surface tension and viocosity ef liquid 
ammonia are much higher than the expected values. Why? 

(w) Liquid ammonia is а good solvent for ionic solids. Why ? 

(x) Solutions of alkali and alkaline earth metals in liquid 
ammonia are strongly reducing in character. Explain. 

(y NCl; and PCl, are irreversibly hydrolysed in aqueous 
solutions, but SbCls and BiCl, are reversibly hydrolysed. Explaia 


why it so happens ? 
(z) How can you distinguish between а nitrite and а nitrate, 
when present together ? State how you would determine nitrite im 


presence of a nitrate. 


Objective type : 
16:15. Answer by yes or no. 
(a) HNO: is a stronger acid than HNO. t 
(b) HINO, is an oxidising agent under acidic conditions. 
(c) Н,АѕО, is weaker than H;PO.- 
(d) NH,OH is more basic than NHs. 
(e) BiH, is most stable and most basic amon 


the Gr. VB elements. 
(Е) NH«NOs behaves 


h) Phosphorus occurs free in nature. 
à HS 5 prepared by the action of HNO, on ferrous sulphide. 


(j) Ammonia can be dried over Paes and ics 1516 
i in safety m8 b 
0 ју at CU 5 у 10 attain the ‘octet’ 
or all the Gr. 
à i i ining thre 5. m 
n their valence-shell is И " ; d ies deu di stability 
(m) Among the mem er. í xus ME 


of the +5 oxidatio 
number. 


g the hydrides of 


as an acid in liquid NH;. 
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16.16. Fill up the blanks with appropriate words : i 
(a) — іѕ Ғогтей when N;O is passed over heated sodamide. . 
(b) Phosphorus never occurs in nature in the free state because 
it is —. . 
(с) Among the elements of Gr VB, the best way to attain the 
*octet' in the valence-shell is to — — electrons. 
(d) Among the heavier members of the Gr. VB, the pentavalent 
state becomes progressively unstable due to the operation of the —. 
(e) Donor characteristic of the NH; molecule is due to the 


presence of a — of electrons in one of the — hybrid orbitals of 
nitrogen. : 


(f) The shape of the NH; molecule is —. 
(g) The shape of the PX;-molecules (X—Pl, Br) is —. 


(h) The electrolysis of a cold concenterated 
NaH,PO, 


yields—. 


solution of 
with platinum electrodes and high current density 


(i) Boron nitride exists in two structural forms similar to — 
and —. 


CHAPTER XVII : GROUP VIB ELEMENTS : 


THE OXYGEN FAMILY. 
Why are the Gr. VIB elem 
comparative account of 


17:1. 

| Write а 
following: (i) Electronic configu 
(11) ionization potential, 
(v) acid-base character a 


ents called the chalcogens ? 
these elements based on the 
Tation, (ii) atomic volumes · 
(iv) electron affinity and electronegativity> 


nd (vi) nature of bonding. 
172. Describe clearly the various Points 


of difference betwee? 
oxygen and the rest of the Members of the Gr. VIB elements. Explain 
the reasons underlying such differences, 
173. Write a comparative account of the hydrides and halides 
of the Gr. VIB elements. 
174. What are oxides and how are they classified ? Give a prief 


account of each class of oxide, pointing out their distinctive 
features. 
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175. How is ozone prepared in the laboratory 7 Discuss the 
chemistry of ozone with special reference to its oxidising character, 
ozonide formation and molecular structure. Prove that ozone is ah 
allotropic modification of oxygen. 

17:6. How is sulphur isolated in the pure state ? Discuss the 
allotropy of elemental sulphur and state what happens when sulphur 
is gradually heated from room temperature up to its boiling point. ` 
Mention a few important uses of sulphur. 

177. Briefly outline the principles of two methods of generating 
H,S in the laboratory. Cite several cheimcal reactions to prove the 
reducing character of H,S. Discuss the role of of H,S in qualitative 
inorganic analysis. 

1T8. Give a brief account of the oxides o 
down their structures. 

17:9. Give an accou 
their bond-structures. 

1710. Discuss the hybridisation s 
SO, and the SOs molecules. 

1711. Describe the contact pr 
sulphuric acid, laying stress on t 

p uses of H,SO,. Is 


involved. What is oleum? State some major 
there any other process for manufacturing H,S0,? Discuss the 


chemical reactions involved in that process. 
17:12. (a) Give a brief account of the thionic acids and write 
down their structures. (b) Discuss t he thiosuiphate 


ion, 


f sulphur and write 


nt of the oxyacids of sulphur. Write down 
cheme for the structure of the 


ocess for the manufacture of 
he physico-chemical principles 


he structure oft 


1713. How are the peroxysulphuric acids о x rd 
their role as powerful oxidants with some specific и He 
down their structures and show that they are true erivatives 0 
hydrogen peroxide. м), 

Pun dae the following 98 the basis of ae s 

i he different oxidation states 
nt only under normal 
h as oxidising and reducing agents ; 


idising agent. 


involved; (a) H,S can act 2% 
Conditions ; (b) SO, can act bot 
(©) SO, and H,SO, can act only 28 an ox 
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Short answer type : 


17:15. Oxygen is a gas but sulphur is a solid. Why ? 

у 1716. The difference in atomic volume, electronegativity and 
the availability of the d-orbitals in the valence-shell is responsible for 
most of the difference between oxygen and sulphur. Explain. 

17:17. SF, is a very stable compound but SCl, or SBr, does not 
exist. Why 7 

1718. What is the reason of exceptional stability of the SFe 
molecule ? In what state of hybridisation is the sulphur atom present 
init? 

17:19. Write down the structures of the tetrahalides of S, Se and 
Te, pointing out the state of hybridisation of the central element in 
each case. 

17:20. Explain how the tetrahalides of S, Se and Te can act as 
monodentate donors. 

1721. SF,is not hydrolysed by water. SeF, is slowly hydrolysed 
and TeF, is completely hydrolysed in one day. Explain the reason 
underlying these differences in the behaviour of the three hexa 
fluorides. 

17:22. The acidic character of the ‘ous’ acids of S, Se and Te, 
falls in. the order HeSO;>H,SeO;>H,TeO;. Explain why it 50 
happens. 

17:23. HSO; is a stronger acid than H,SO,.. Explain. 

17:24. All the diatomic gases like H,, No, E, Cl, 
diamagnetic, but oxygen gas is paramagnetic, Why ? 

» 17:25. iOx(g)t2ec0* (B; AH=236 Keals/mole. This shows 
at the formation of the oxide ion from molecular o uires 
a large amount of energy and hence is an i EE ae 
process ; yet many ionic oxides exist i Ба oo pelea 
In stable form. Why 2 


17:26. “The oxidising power of А 
` n Ozon Й . 
solutions than in alkaline solutions, SU is much greater in acid 
17:27. Sulphides of metals are more 5 
: : E coval T 
ing oxides. Explain. ent than the correspond 


etc. are 


17:28. The formation of polysulphide ions is the manifestation 
of the strong Lewis base character of the 5>— ion, Discuss 


1729. SO, can act both as an Oxidising agent and a reducing 
agent. Explain, how it so happens 7 
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Р. 17:30, The structure of the 5,0 ion сап be derived from that 
the 5042- ion. Discuss with illustrations. 
2A 1731. The structure of the 50,“ ion is pyramidal, but the S—O 
nds have considerable double bond character. Explain how it 
can be 50. i 
H Ea The acidity of the hydrides H,S, HsS6 НТ 
Ex to H;Te, "though electronegativity decreases in 
plain. 50 
c 1733. The structure of the SOg- ion is tetrahedral with 
Qoriderable double bond characters induced in 5—0 Bonds: 
9mment, 
1734. Though of higher 
20 is a liquid at ordinary temp 
ox 1735. F,O and Р.О. are 
Yen than as oxides of fluorine. 
ЭМесцте type : 
736. Answer by ‘yes’ or ‘no’ : 
(а) HLS is a e acid than either H.Se 07 H,Te. 
(b) H,SO, is a weaker acid than H;SOs- 
e SF, is more covalent than SCl,. 
С SF, is stabler than SF. 4 Te hav 
Pair ) The AX,-type tetrahalides of S, Se an 
in the sp%d-hybrid orbital of $, Se or Те. пег SoFo 
(6 Hydrolytically, TeFe is 1016 stable than " exhibit positive 
E Except with fluorine, oxygen does i 
ation state, 


Sul Oxides of metals 
Phides 2 | 
tin alkalin 


Te increases from 
that direction. 


molecular weight, H,Sis а gas while 
erature. Why ? 
better represent 
Comment. 


ed as fluorides of 


it n Ozone is a more powerful oxidan 1 
Hw ап acid medium. э sulphide, Ht, HS and 

Sa Ш) In an aqueous solution of hydrogen | 
san oxidant 


lons are in equilibrium with undissociate ind no 
SO; can act as а reducing agent 0? agan ous salts to the 
Peroxydisulphate can LI 
pe stage only in the presence oe JESUM dn 
(a) 5 Fill В the gaps Mr APP ent inthe earth’s Я 
— is the most abundan 
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(b) All the Gr. VIB elements are —— elements, with an 
outermost electronic configuration of —— . 

(c) In the solid state, sulphur exists in —— allotropic modifica- 
tions known as —, — and —— modifications. 

(d) In the Gr. VIB elements, the atomic volume — with the 


increase in atomic number. 
(е) The ionization potential of the Gr. VIB elements decreases 
with the increase in atomic number because of the increase in —— 


and the of the inner layer of electrons. 
(f) The acidity of the hydrides —— with the increase in atomic 
number. 


(g) Theacidic character of the RO;-type of oxides —— with 
the increase in atomic number. А 

(h) The best way for the atoms of Gr. VIB elements to attain 
octet in the valence-shell is to — two electrons. 

(i) The shape of the H,O molecule is —— with two lone-pairs 
remaining in two of the —— hybridised orbitals. 

(j) Thermal stability and covalent character of the hydrides of 
Gr. VIB elements —— from S to Ts. 

(k) The S,Cl,is а—— molecule with the sulphur in the —— 
state of hybridisation. 

(1) The SO; molecule has a —— shape. 


CHAPTER ХҮШ: ELEMENTS OF GROUP VII B: THE 


HALOGENS, 
Essay-type questions : 
l. Name the members of t 
general electronic configuration. 
Discuss the properties of the h 


he halogen family and give their 
Why are the elements so called ? 

: 5 alogens which аге consistent with 
their electronic configurations. How far it is justified to include 
manganese in the same group as the halogens ? 

2. Give а comparative account of the properties of the halogens 
as well as their principal compounds. How does fluorine differ 
from the other halogens ? 

3. Name two minerals containing fluorine and state theif 
compositions. Describe the preparation and properties of fluorin® 


ELEMENTS OF GROUP VIIB 465 

Pointj : : 5 : 

ee out the difficulties which confronted the earlier chemists in 
isolation of the element. Compare and contrast the properties 


of ; , 
роще with those of other halogens. 
Describe the preparation of anhydrous hydrogen fluoride 


and mention its important properties and uses. 
a Compare the properties of the four halógen hydracids and 
10n their important uses. 
of x D escribe briefly a method used с 
om OG : Discuss the important propertie f 
and 2 chlorine used in the preparation of (i) 
(ii) potassium chlorate ? 
uc How is hydrochloric acid manufactured by the BEC 
the | aa ? How can you prepare very pure hydrogen chloride in 
GI .aboratory ? Discuss the mechanism of combination of H, and 
is the presence of light. : : 
tion * Describe how you would establish the volumetric composi- 
of hydrochloric acid, both by analytical and synthetic methods. 
(m „Give a short account of the preparation and properties of 
Oxides and oxyacids of chlorine and discuss their structures. | 
M Describe the methods of manufacturing bromine m bittern 
(a from sea-water. Starting from bromine, how you о prepare 
Potassium bromate and (b) gaseous hydrogen bromide ? + 
MM How is hydrobromic acid manufactured ? Mention the 
5 of hydrobromic acid and one of its important salts. H 
How the oxides and oxyacids of bromine are prepared ? 
D their properties and discuss their structure». 
impor How is iodine obtanined on à large scale 
ant properties and uses of iodine. 
НИК ih short uer the prepa 
of the oxyacids of iodine. MON 
and it ре ow what you know about electropositive 
the 5 compounds, What evidences ©” yr these compounds ? 


€ ex: 2n 
ee of the halogen as the positive joni 
: en 
the А and illustrate what are ge VUE et 

Of gin, Yhalides, How are they forme uld 
i : ow would you 
Seco “Tent types of inter-halogen QA i ` compounds ? $ 

or the nature of binding force 18 these 
30 


for the large scale preparation 
s and uses of chlorine. 
bleaching powder 


Mentio 
? Mention the 


ration; properties and 
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Short questions : 

17. Write short notes on : 

(a) Fremy'ssait, (b) Solvent action of liquid HF, (c) Oxides 
of fluorine, (d) Photochemical combination of Н, with Cle 
(e) Chlorates and perchlorates, (f) Periodic acids and periodates, 
(g) Elecropositive iodine, (h) Interhalogen compounds, (i) Poly- 
halides, (j) Pseudo-halogens or halogenoids. 

18. How are the following substances best prepared ? Mention 
their important uses : 

(a) Potassium chlorate, (b) Potassium perchlorate, (c) Potassium 
bromide, (d) Iodic acid, (e) Iodine monochloride. 


19. What happens when: (Give the conditions and equations 
of the reactions). ' 
(a) Chlorine reacts with caustic soda solution. 
(b) Fluorine reacts with caustic soda solution. 
(c) Hydrofluoric acid is kept in a glass bottle. 


(d) Chlorine is passed over precipitated HgO, which was 
previously heated to 300°C. Д 


(е) Precipitated HgO is treated with chlorine water 
(f) Chlorine dioxide reacts with caustic soda solution. 


e а chlorate is added to a solution of potassium iodide- 
(h) Potassium chlorate is separately warmed with conc. H 
and conc. H,SO,. А | 


(i) Iodine reacts s i і 
thiosulphate. eparately with stannous:chloride and 5001001 


| g ae acid is gradually heated upto 200°C 
odic acid i idi і 
E Teacts with an acidified solution of potassium 
(1) Potassium iodide solution is treated with HgO 


(m) Bromine reacts with Sodium c; nate and sodium i 
arbo i 
sulphate separately. 


(n) Iodine reacts with conc. HNO,. 
(o) Iodine reacts with potassium chlorate 
20. Explain why ' 


(a) Fluorine differs widely from the other halogens in Í 
properties. 
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(b) There is a gradual change from non-metallic to metallic 
eharacter as we move down from fluorine to iodine. 
(c) Fluorine always acts as a uninegative ion, whereas the other 
halogens exhibit negative as well as positive oxidation states. 
(d) Halogens act as oxidising agents and their oxidising power 
decreases as we move from fluorine to iodine. 
(е) At 15°C, HF isa liquid, while НСІ is a gas. 
(£) Although fluorine is the most electronegative halogen, it 
forms the weakest of all the halogen hydracids. 
(g) Compound of the composition KHF, (bifluoride) is known, 
but КНСІ, or KHBr, are not known. 
(b) Polyhalide ions like I5", Cl," exist, but F5" does not 
(i) Fluorine exhibits a covalency of one unit only, whereas 
the other. halogens show covalency ranging from 1 to 7. 
Objective-type questions : 
21. State which one of the following is correct : 
(a) The high oxidising power of fluorine is due to its 
(i) high electron affinity 
(i) high heat of dissociation and low heat of h 
(ii) high heat of hydration and low heat of dissociation 
(iv). high heat of hydration and high heat of dissociation. — 
(b) Fluorine is not prepared by the general method of preparing 
other halogens because ; 
(i) HF can be easily oxidised 
(i) HF is not easily oxidised 
(üi) HF is highly poisonous 5. 
(iv) HF is a bad conductor of electricity. 
(о - Hydrogen fluoride ‘should not be stor 


$ H 
exist. 


ydration 


ed in glass bottles, 


because it 
() etches glass, (ii) paints 5 
(d) If iodine solution stains 
be used to remove the stains 5 
(i) Sodium chloride, (ii) Sodium bro 
Sulphate, (iv) Sodium tetrathionate. 
b у LE у 
(e) The halogens are chemically vd becau 
@ the atomicity of each element 1S i 
i ntum number 
GD their outermost electrons have the same qua 


(iii) is exposed to light. 


Jass, ) 
е solution that can 


the clothes, th 


mide, (iii) Sodium thio- 
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194. Briefly discuss the nature of variation of the following 
Properties among the first transition series of elements : (a) electronic 
configuration, (b) Atomic volume and density, (c) atomic and ionic 
radii, (d) ionization potential and electronegativity. 

19:5. . “The alkali and the alkaline: earth metals have the same 
outermost electronic configuration (ns!, ns?) as that of the transition 
elements, Butthe transition elements are far less reactive than the 
alkali or alkaline earth metals". Comment. ; 

19:6. Define ionization energy and ionization potential. Discuss 
the variation of ionization energy along the first transition series 
with the increase in atomic number. 

19:7. “The fairly high values of the electrode potentials of the 
transition elements suggest that they should be good reducing 
agents ; but they are actually not good reducing agents.” Comment. 

19:8. Discuss the reasons underlying the existence of more 
than one valency-staies in the cases of the transition elements. 
Illustrate your answer with specific examples. 


Short answer type : 

19:9. (a) Compounds. of s- and p-block elements are generally 
colourless, but most compounds of the transition metals are 
coloured. Why ? 

(b) Coming after vanadi 
the electronic configuratio 
electronic configuration 3d5 4 

(с) Why does Copper 
configuration of 3d!9 451 


um (3d° 452), chromium should have 
n 3d'4s; instead, it possesses the 
5. Explain why it so happens. 
(At. no.=29) has the valence-shell 
ў and not 3d? 452 2 
(d) According to the definition, Cu and Zn are not true transition 
elements ; but many authors Prefer to include them among the 
transition elements, Explain the underlying reasons for doing so. 

(е) Most of the transition metals and many of their compounds: 
are paramagnetic. Why ? 


(f) All transition metals exhibit variab 


D le valency. Why ? 
(g) Transition metals have Strong complex-forming tendency- 
Why ? 


(h) The values of the ionization Potential of the elements of 


the first transition series are reasonably constant. Comment. 


` configuration is ns? (n — 1) 45°. 
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(0 тезом“, Mn+? and Cut? are paramagnetic, but Ti**, vis 
Mn*? and Cu*! are diamagnetic. Explain. 
(j) Cu*? compounds are coloured, but Си?! compounds аге 


colourless. Why ? 
(k) Manganese is the most versatile element among the members 


of the first transition series. Comment. 


Objective type : 
19:10. Answer by yes ог no : 


(a) Inthe case of transition elements, the general electronic 


(b) Copper has the valence-shell electronic configuration of 


34482. 
* (c) The different oxidat 


and +4 only. 
(d) All Cut? compounds are coloured. 


(е) Сит: compounds are paramagnetic. 
(f) Coordination complexes of Ni(II) can 


jon states of titanium (Z=22) are 2 


be diamagnetic or 


paramagnetic. 
(g) All transition metals are highly reactive. 


(bh) Most transition elements exhibit good catalytic prope 
(i) Copper can liberate hydrogen from non-oxidising acids, but 


zinc can not do so. 
19:11. Fill up the gaps wit 
(a) In transition elements, 
—— level. 
(b) The transition metal 


because of their comparatively —— charg 
ransition metal 


perties. 


h appropriate words : 


the differentiating electrons lie in the 


od —~— centres 
e and —— ionic radii. 
compounds аге coloured 


ions can act as go 


(c) Most of the t с 
because of the presence of — — electrons in them. "Pa 
(d) Co? complexes are diamagnetic, as the Co? ion has no — 
electrons. 3 
1 i +a 
(e) - The structure of ПС] 48 —, but that of [Ni(NH3)4] 
is — ) 
4NH; can exist as — jsomers. They 


E (f) The compound CoCls 
ek d c i 
nown as the —-and the isomers vg added to à "ANS 


(B) When excess ammonium hydroxide 1 
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a Cu(II) compound, а deep — colour is formed due to the formation 
of the coordination complex — . 

(h) The atomic volume of the transition metal atoms does not 
increase much with the increase in atomic numbers, because the 
incoming electrons are added to the — level. 


TITANIUM 
Essay-type i . 


1. How does titanium occur in nature ? Describe one process 
Of extraction of titanium from one ofits ores. How is titanium 
purified ? Discuss the uses of the metal and its compounds. 
MO Starting from a titanium ore, how 
following compounds: (i) TiO,, 
and Ti,(SO;), (v) TiO, and ПС, 
Short answer type : ^ 


will you prepare the 
(ii) TiC), (iii) TiBr,, (iv) TiCls 


3. (а) Write down the electronic configuration of the titanium 


atom. (b) Account for the occurrence of the +2, +3 and +4 oxida- 
tion states of this metal. (c) Which oxidation state is most stable 
and why ? 6 


Objective-type : 


4. Answer by yes or no : 
(a) TiO is more basic than TiO,. 
a oe E Е aes agent than ТАСЈ,. 
a te ae Ы iss ily hydrolysed than TiCl,. 
E e a y: cm and Ti ds а d^-system. 
PU PS with appropriate words : 
(a) ТІСІ, is more — than ТІСІ,. 
(b) Ti (П) compounds are param; 
compounds are — , 
(c) When dissolved in conc. 
of the formula — and — , 
(d) АП Ti (III) compounds have a Strong — property, as they 
have a strong tendency to change to Tj (IV) compounds. 
6. Put tick mark on the correct answer : 
(a) In the Kroll process, ТІСІ, va 
metal; (ii) Fe-metal ; (iii) Mg-meta]. 


agnetic, while the Ti (IV) 


HCl, TiCl, yields anionic complexes 


pour is reduced by : (i) 2" 


| THB TRANSITION BLEMENTS 473 
b 
ats x s the: Van Arkel method of purifying titanium, the 
(o used is: (i) TiO; ; (ii) TiCl, ; (iii) ТИ, ; (iii) ТЕ. 
LM Hum most stable oxidation state of titanium is the: (i) +3 
е; (ii) +2 state ; (iii) +4 state. 
VANADIUM 


Essay-type : 
1. Name the important ores of vanadium. How is vanadium 


obtai Р 
tained from its ores as: (0 Ferrovanadium and (ii) the pure 


me : ; 
tal ? State the uses of vanadium metal and its alloys. 
dium, how will you obtain the 


A Ae from an ore of vana 
E ing : (i) V,Os, (ii) NH,VOs, (iii) VOSO,, (iv) VCle (iv) VCls 
(V) УСІ, ? State the uses of vanadium compounds. 
Short answer type : 
(b) ue Write the electronic configuration of the vanadium. atom. 
FUN hat are the possible oxidation states of vanadium ? Give the 
ronic configurations of all of them. 
4. (a). Which one is the most stable oxidation state of 


vanadium and why ? 
(b) Pentavalent vanadium compounds are strong oxidising 
agents, Why? 
are strong reducing agents. Why? 


(c) V(III and V(ID compounds 


Objective type : 
5. ЕШ up the gaps with appropriate words: — 
5 (а) The alloy of vanadium with iron, containing 30-45% of 
anadium, is known as — - 
it a When a colourless 
ге turns blue, then — and finally — - " 4 
у (c) Violet coloured aqueous solutions о Va salts c ange to 
Бтеећ due to oxidation of :on with the liberation of 
о 
f hydrogen. Hence, V compounds a 
CHROMIUM 


vis compound is reduced with zinc, 


Describe the process 


in nature ? F 
a ‘te. State its properties and 


chromite. 
s alloys: 


Essay. type : 
of E How does chromiu 
xtraction of chromium from 


descri ; 
Scribe the chief uses of the metal and it 
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2. Starting from chromite, how would you obtain the following 
compounds : (i) K,CrO,, (ii) К,СгО,, (iii) CrO,Cl,, (iv) CrO;, 
(у) Chrome alum, (vi) Сг,(80,), (vii) CrCl,? State some of 
the uses of these compounds. 

Short answer type : 


3. Write notes on the preparation and uses of (i) chrome 
yellow, (ii) chrome green, (iii) chrome red, (iv) zinc yellow 
and (v) Guigrét's green. у 

4. Write the electronic configuration of the chromium atom 
and explain why it is so. 

5. What are the possible oxidation states of chromium? Give 
‘the electronic configurations of each of ‘them. 

6. Which oxidation state of chromium is most stable ? 

7. The equivalent weight of K,Cr,0,, 
acid solution, is 5th its molecular weight. 

8. The blue compound generated b 
acidified solution of a dichromate is n 
a peroxide of chromium. Comment. 


9. K;CrO, is a powerful oxidising agent in acid solution. 
Comment. 


asan oxidising agent іп 
Comment. 

y the action of H,O, on ап 
ot a peroxychromic acid, but 


Objective type : 


10. Fillup the gaps with appropriate wo 
(а) EE state electronic configuration of the chromium 
atom 15 3d°4s' and not 3dtdc2 8 i ili 
DAR 452, because of the special stability of the 
(b) CrCl; forms three aqueous co 
mplex: x IDEA 
EE plexes of the formulae —, 
(c) All chromous salts are Strong — agents 
: (d) A chromium-iron alloy, containing about 60-70% of chro- 
mium, is known as — . è 


(e) CrCl, is more — than CrCl. 


rds : 


11. Put tick marks over the correct answers : 

(a) Potassium dichromate is widely us 
as (i) a reducing agent, (ii) a complexing a 
agent. 

(b) The nature of CrO is (i) acidic, 


ed in chemical analysis 
gent, (iii an oxidising 


(ii) basic, (iii) neutral. 
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а € 
DM ) као, can be converted to K,Cr0; by the action of (i) 2 
» (ii) anacid, (iii) by heating. 


d 
(d) The compound CrO,Cl; is (i) ionic, (ii) covalent. 


MANGANESE 


Fasay-type H 
1. 5 
ord How does manganese occur in nature ? Describe the process 
a2 tm of manganese from its chief ore. Describe the impor- 
perties and uses i 
па alloys. es of manganese name some of its 
2: i 
DP Starting from pyrolusite, 
() Mt MnO, (ii) KMnOw 
A nCl. State some of th 
nt by the term ‘available oxygen’ o 


determine it ? 
3. Describe the process of manufacturing KMnO, from руго“ 
s an oxidising 


me Discuss its various uses, St 
а in chemical analysis. 

Why ? EMO: can not be used 25 2 primary Siete 

lon The equivalent weight of KMnO; 15 depend 

v e of the reaction medium." Discuss the rum 

ant examples. 


metal and 


how can you prepare the following : 
(iii) manganic alum, (iv) MnSO,, 


е uses of these compounds. What is 
f pyrolusite 2 How can you 


ressing on its use a 


d substance. 
ent on the 
t with rele- 


Short answer type : 
5. Answer the following : 
bu Write down the electronic 

n the ground state. 
ао Indicate the possi 
, and give the valence- 


States, 
f manganese 


configuration of the manganese 
+ manganese can 


p states tha 
tions of all such 


configura 


is most stable and 


ble oxidatio 
shell electronic 


Wo Which oxidation state о 

one is most unstable 7 га MEOR 

ag CUu Phe, Зевс of MnO." (manganato) into 0^ ie 

Dganate) is not an oxidation - reduction reactions put is a dis- 
Why ? i 


Comment. 
rd substance. 


Pro ; 
pertionation process. 
y standa 


(е) KMnO; is not a primat 
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Objective-type : 


6. Fill up the gaps with appropriate word : ) 

(a) Coming after chromium (34545!), the valence-shell electronic 
configuration of manganese is —, and not 3d*4s!. 

(b) When any manganese compound is fused with an alkaline 
flux and an oxidising agent (say, Na.O; or KOH/KNO, mixture), — 
is produced. 

(c) The valency of manganese in manganates is — . 

(d) On treatment with an acid, manganates are converted to — 
by a — reaction. ў 

(e) Manganese resembles chlorine only in the — oxidation state. 

(f) Permanganates and perchlorates are — with each other. 

7. Put tick marks on the correct answer : 

(a) In oxidimetric methods, KMnO, is used as a (i) primary 
standard, (ii) secondary standard reagent. 

(b) Compared as an oxidising agent, KMnO, is (i) less power- 
ful than, (ii) more powerful than, (iii) equally powerful as 
K3Cr;,0;. 

(c) Mn*'ionsare (i) stable, (ii) unstable in aqueous solution. 

(d) MnO is (i) more basic, (ii) less basic than Мпо,. 

(e) Mn,0,is (i) most acidic, 


(8) least acidic of all oxides of 
manganese. 


CHAPTER XX: IRON, COBALT AND NICKEL ; THE 


METALS OF THE EIGHTH GROUP. 
Essay-type questions : 
1. Compare the physical and с! 
of the iron group, 
2. Comparea 
of chromium, 
compounds. 


hemical properties of the metals 
as well as of their Principal compounds. 


nd contrast the Physical and chemical properties 
manganese and iron, as well as of their important 


3. Name the important ores of iron and mention their chemical 
formulae. How is cast iron manufactured ? Discuss, with the 
help of a rough sketch, the reactions which take place at the various 


parts of the blast furnace. How the by-products, available in the 
process, are utilised ? 
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st iron, mentioning the 


4. i 
Describe the manufacture of ca 
f each ingredient of the 


ra 5 

in ae required and. the purpose о 
S H 

тане uA difference in composition and properties of the 

TERCER UM ue How is GER iron converted into wrought 
е ае Be uses of cast iron and wrought iron. 

TA it e did in composition between cast iron, 

area ey steel ? Describe briefly the Bessemer process of 

g steel. What 18 the importance of basic Bessemer 


process ? 
75 d 
Steel f; Give a short account o 
; rom cast iron, indicating brie 
1n each. 
8. р ; 
cast ir Describe the open-hearth process of manufacturing steel from 
proces on. Compare and contrast this process with the Bessemer 
HE mentioning the advantages of one over the other. 
w is very hi i electri 
Process ? y high quality steel prepared by the 
e $ 
SOR What are special steels 
To mportant special steels and menti 
its all How is chemically pure iron prepare 
otropic modifications and of its general physical an 


esses of preparing 


f the different proc 
reactions involved 


fly the chemical 


c furnace: 


on their uses: 
d? Give aD account of 
d chemical 


Properties, 
mu What is meant by passivity and rusting of iron? State 
y the views advanced to account for them What means are 
ting of iron ? . 
6 ounds of nickel 


usua 
Wi adopted to prevent rus 
and с Give an account of t sortant COMPO Cama 
dif cobalt, with special referenc oe of similarity and 
e 
Supe: between the chemical pro 
involy How does cobalt occur jn n 
State ed in the extraction and refining 9 
Nick the uses of cobalt. How is cobalt $4! 
Ф are obtained ? Я у 
Зуи i jckel ? 1 
Obtained hat are the chief sources of nickel? ant uses а 
iscy from its ores ? Write do the imp 
29058 the methods available for the detection 
Metal. 


e to the points 

perties of the two elements. — 

ature ? tate the chemistry 
etal from its ores. 
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15. How is nickel carbonyl prepared? State its important 
properties and structure. What is the valency of the metal in this 
compound? How would you prepare a specimen of pure nickel 
salt from nickel containing cobalt as an impurity, and a pure cobalt 
salt from cobalt containing nickel as an impurity ? | 

16. What аге cobaltammines ? Describe their general methods 
of preparation. Show how by gradual substitution of ammonia 
by negative atoms or groups in the cobaltammine molecule, a series 


of new complexes with progressive variation in the charge of the 
complex ion may arise. 


Short questions : 6 
17. Write short notes on: 


(a) Cowper stove, (b) Blast furnace gases and slags, (c) Puddl- 
ing process of preparing wrought iron, (d) Annealing or tempering 
of iron, (е) Case-hardening of wrought iron, (f) Spiegeleisen, 
(g) Bessemer converter, (h) Thomas-Gilchrist Process, (i) Duplex 
process, (j) Lintz-Donawitz process, (k) Alloy steels, (1) Allotcopy 
of iron, (m) Passivity of iron, (n) Rusting of iron, (o) Iron 
alums, (p) Ferrates and ferrites, (q) Prussian blue and Turnbull’s 


blue, (r) Cobaltammines, (s) Cobaltinitrites, (t) Nickel carbonyl. 
18. How are the following Substances prepared and what are 
their uses : 


(a) Anhydrous ferric chloride, (b) Ferric alum (су Mohr's 
salt, (d) Potassium cobaltinitrite, (e) Nickel carbonyl (f Iron 
pe Du ae Sodium ferrate, (h) Sodium nitroprusside, 
1 eric sulphate, (j) Potassium f, 5 It 
(I) Nickelic oxide. есуас а оша 


(с) anhydrous 
(е) Mohr's salt 7 


: erform to distinguish between 
ferrous and ferric salts. 


21. Discuss the methods used for the qualitative separatio of 
nickel from cobalt. 


22. Discuss the influence of addition of (a) carbon and 
(b) manganese on the quality of iron. 
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23. · What ha 
ppens when : i iti i equati 
Bolt reaction р ; (Give the conditions and equations 
0 Moist iron pyrites is exposed to air. 
(b) Ferrous sulphate is strongly heated. 
(c) Ferric oxide is fused with sodium carbonate. 


(d) Ferrous sulphate is boiled with conc. H,SO.. 
dually added to a 


(e) A soluti i i 
) ion of ammonium oxalate is 81а 
dad of a ferric salt. i 
Chlorin i i i 
h Chlorine gas 15 passed through a Suspension of ferric 
ydroxide iu caustic soda solution. 
adually added to a solution 


of оиша cyanide solution is gr 
(h) Potassium ferrocyani 
H a Potassium ferrocyani 
230, separately. 
(j) Potassium ferrocyanide is treated with HNO». 
(k) Potassium ferricyanide is treated with a solutio 
Peroxide in alkaline medium. 
en Potassium ferrocyanide solution is added t 
ic chloride. 
s (m) А solution of cobaltous salt reacts W 
monium thiocyanate. 
(n) Potassium cobalticyanide is heated wit 
(0) A solution of cobaltous salt is treated 
Potassium nitrite in presence of acetic acid. ` Е 
(р) А solution of potassium cyanide i$ added in excess to a 


solution of a nickel salt. 

(q) Iron pentacarbonyl reacts with sulphuric 

(0) tron enneacarbonyl is heated- 

24. Explain why— 

(a) Limestone is а 
Prepare cast iron. 
ros Cowper sto 

rnace in the metall 
Ru due lining © 
(d) Fe(III) salts аге more st 
(€) Spiegeleisen is used in maki 


y heated. 


ide, is strongl 
h dilute and conc. 


de is warmed wit 


n of hydrogen 
o a solution of 
jth а solution of 


SO. 


h cone: Hy 
; lution of 


with a $0 


acid. 


dded to the charge i] the blast furnace to 


ve is employed 
urgy of iron., : 
f Bessemer converter 25 oft 


able than Co(1ID and Ni 


THE SOLID STATE : SOME IMPORTANT AND 
USEFUL ASPECTS 

state is characterised by the presence of isolated 

atoms or molecules moving at randomand having very little attraction 

foreach other. Hence, the gases are highly compressible and have no 

definite volume or shape of their own. In the liquid state, the constituent 

particles (molecules or atoms) possess random motion to a much lesser 
other and the force of attraction between 


degree, lie much closer to each 
the particles is of a considerably higher order of magnitude. Hence, 


the liquids are much less compressible than the gases and have their 
own volumes (for a given mass). But,the force of attraction among 
the constituents of a liquid is not strong enough to impart sufficient 
rigidity so as to maintain a definite shape. Hence, the liquids do not 
have a shape of their own but take the shape of the container in which 
they are kept. On the other hand, in the solid state, the constituent 
particles (atoms, ions, molecules) lie very close to each other, held 
together by strong attractive forces and occupy definite positions with 
respect to one other. The most important characteristic properties 
of the solids, arising out of the above structural factors are (i) rigidity, 
(ii) very low compressibility and (iii) characteristic geometry manifested 
in their tendency to fo 

Since, majority o 
compounds) are solid: 
around us in nature ал 
use in our daily life are solids, 


The gaseous 


rm crystals. 2 
f the inorganic compounds (also many organic 
s,and also because most of the things we see 
d many of the materials and devices which we 
the study of the solids, aimed at a possi- 


ble correlation of their important properties with their characteristic 
structural features 15 of immense importance and utility. In fact, the 
recent advances made in the field of physics and chemistry of solids 
have been instrumental in bringing about several major break-through 
in contemporary science and technology. A single example in the 
form of discovery and uses of transistors (made from doped germa- 
nium or silicon) will be sufficient to illustrate this point. 
Crystalline solids Vs Amorphous solids. ae 

Solids can be broadly divided into (a) crystalline and (b) amor- 
phous materials. Familiar examples of crystalline solids are sugar, 
common salt, alum and quartz. while those of amorphous materials 
are glass. rubber and various types of plastics. As solids, both the 
crystalline and the amorphous materials have many common properties, 
Both of them are rigid, have their own characteristic volume and age 
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direction along which they are measured. In other words, the crys- 
talline solids are not isotropic like the ?morrhous materizls ; they are 
anisotropic in nature. Anisotropic nature of a crystalline solid definitely 
indicates the presence of highly Ordered structural units in it. The 
present discussion will include only the crystalline Solids and the 
amorphous materiels will not be dealt with. ` 

Crystalline solids : A Substance is classified as crystalline if its 


characteristic of that particular 
Crystalline substance. A crystal 
120 is thus, а Symmetrical body 
generally bound by several 
SE AU м 


Plane surfaces which are called 
(a) (b) (с) Јасеѕ, and the line along which 
two such faces meet one 


rfacial angle is the angle between 


(i) Steno’s Law of the constancy of interfacial angles, 


“The angles between, the correspondi, 


ng faces of various crystals 
of the same substance are constant.” The overall Shapes of 
the crystals of a particular substance may be differently developed 


depending òn the conditions of crystal-growth, but the interfacial 
angles between two corresponding faces will always be constant. In 
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figure 1, though the crystals 
the same two faces is the same in all 

The foundation of crystallography was laid in 1784 by Haüy 
when he observed that the external geometrical form of any crystal is 
a reflection of the inner regular order of the arrangements of the struc- 
tural units. According to this law, which is found to be almost univer- 
sally true, a crystal is made up of 2 large number of smaller crystals, 
each of which is an exact replica of the original bigger crystal: Such 
smallest crystal, by the repe 


tition of which the original crystal can 
be formed, is termed as the unif cell. 


It represents the ultimate 

structural unit of the crystal. 
The concept of crystallographic axes: The geometry of a crystal 
is referred to a set of three arbitrarily chosen non-planar coordinate 
axes [Fig. 2(а)1 known as the crystallographic axes. These may or may 


not coincide with the principal edges of the crystal. These three axes 
may be mutually perpen or may be at any other 


dicular to each other, 

desired angle. In the case of a cubic crystal, the crystallographic axes 

coincide with the lly intersecting and perpendicular 
edges as shown in Fig. 2(c). 

Let us now focus our attention on any one face of a cubic crystal 

this face being considered 


which cuts the three crystallographic axes, 
as the standard face [Fig. 2(b)]. The length of the intercepts made 


have different shapes, the angle between 
the three cases. 


three mutua 


2 
RE 
E 
Yo 
x (b) s 


i 


Figs. 2(a), (b) and (c) 


nd Z axes area, band crespectively, which are 
the standard intercepts. If any other face cuts intercepts of x, y and 
zon the three axes then, x :y :z—ha : kb : le, where h,k and / are 
simple integers like 1,2, 3etc. Thus, the intercepts cut on a given axis 
by all faces of 4 crystal bear a simple ratio to one another. This is 
A mple statement of Haüy's Law of rational intercepts and it is an 
outcome of the ordered existance of the atoms or ions in a crystal. 


by the face on the X, Ya 


ШЕБЕР 
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pectively (where the 
standard intercepts are a, b and 0), ѕо that a:b.: c—2a:b:2c then, 


T. plane of the crystal. For the 


f we consider another such plane 
-axis at infinity and the ratio of 


S respect to which the ст stals 
appear to be symmetrical are (i) plane of Symmetry (ii) axis pet 
metry and (iii) centre of symmetry, 

(i) Plane of Symmetry : It js an ima 
divide the crystal into two halves such th 
image of the other. A crystal may poss 
symmetry [Fig. 4 (a)]. 

(ii) Axis of symmetry: If Totation of a crystal about a line 
through the centre of the crystal by any angle results in an orientation 
of the crystal that is superimposablé on the original, the axis is called 


Binary plane which can 
at one half is the mirror 
ss more than one plane of 
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ап axis of symmetry or, more precisely, а rotational axis of symmetry. 
If the angle through which the crystal must be rotated in order to 
secure the superimposable image be denoted by 6° then, the crystal is 


ASR 
ni ESSI 


LP PS 


a 2 


Ш 
uM 


а ЈУ 
EEE ° TEs 


Fig. 4(a) Different planes of symmetry of a cubic crystal 


Fig. A(b) Different axis of symmetry of a cubic crystal 
ig. 
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2l is said to possess two, three, four and 


Said to possess a centre of 
ical face at an equal distance 
from the centre (Fig. 4c). 

The elements of Symmetry of a crystal 
are the total number of its planes of 
Symmetry, axes of Symmetry and centre 
of symmetry, Of all the different crystal 
e Systems, the Cubic form possesses the highest 

Symmetry, It possesses — nine planes of 
Symmetry, thirteen axes of symmetry (three 
C, four C; and six С, axes) and one 


септе of Symmetry, і.е, altogether twenty 
three elements of Symmetry, 
Crystal lattice: A lattice jis defined 


to be an infinite | se 
) 


: rough space. A set of 
Fig, 4(c) centre of points Tepeated at а fixed distance along a 
Symmetry (а) of cube; Jing is an one-di ensi i i a)l. 
(b) of an octaledrox A ™ Seona] lattice, [Fig. 5(2)] 


represent a two-dimensional lattice, Figure 5(b) represents 
a two-dimensiona] lattice | consist; 
The lengths of the Sides of the rectangles ‘a’ and «p^ are 


(b) $t 


Fig. 5(a),(by, Crystal lattice 


known in crystallography as Primitive translations, Any displace- 
ment from one point to any other point in this lattice can 


APPENDIX 

be expressed in terms of ‘a’ and ‘b and the angle between 

the sides represented by ‘a’ and ‘b’. Any definite. pattern regularly 
printed on a plane paper is an example ofa two-dimensional lattice. 

When the method followed in two-dimensionsis extended in three- 

fed. A space lattice or unit cell 


dimensions, a space lattice is generate 
is thus defined as an array of points showing how molecules, atoms 


or ions are arranged at the different sits in three-dimension. An 


array of points present in a 
three-dimensional space lattice 
is shown in Fig. 5(с). Each point 
represents an atom orion. The 
lattice pointscan be broken up 
(divided) into a number of unit 
cells. This may be done, as 
Shown in Fig. 5(c), by connecting 
the points by a regular network 
of lines as shown in the figure. 
An umit cell is the smallest 
structural unit in thespace lattice, 


whichis repeated over and over 
again to constitute a crystalof а 9 A 
crystalline solid. An unit cell is Fig. 5(c) 
Jd lines in Fig 5(c). In order to 


portion bounded by bo 
]l, the distances a, b and c, which represent the 


of the unit cell and the angles «, Band y, which 
the three axes OX, OY and OZ, are required. 


represented by the 
describe an unit ce 
lengths of the edges 
give the angles between 


Classification of crystals : crystal classes and crystal systems. 


The overall structure of the crystal bounded by a definite number 
of faces in a definite pattern is called the form of 2 crystal. A cube is 
bounded by sixfaces, while an octahedronis a combination of eight faces 
in definite pattern. Thus, the cube and the octahedron are two forms 
of crystals. Depending on theindividual elements of symmetry, all forms 
can be classified into thirtytwo classes or point groups, each of which 
has the same elements of symmetry. In other words, each form has 
the same planes, same axes and the same centre of symmetry. 


5 vat 

ther thirty two forms of crystals can exist. 
Ud the axes of reference representing their 
ed into seven systems. The 


rms can be group! 
rticular system have f the intercepts 


llographic axes (а: 
xial angle). But, the 
try. For example, 


crystals of a pa 
on the three crysta 
between the three axes (а 
size and elements of symme 
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cube belong to the same system. The octahedron is a cube with 
exclusive growth of the (111) plane. Р p 1 
Major characteristics of all the seven systems are given in Table 1. 


The axial angles are denoted by «, P and у and the intercepts of the 
crystallographic axes are given as a, b and c. 


TABLE 1 
ce a E Hr 
Axes Angles System Examples 
m PNE 
a=b=c “=B=7=90° Cubic ZnS, NaCl, Cu, Car, 
а=ђ; с pr Tetragonal Sn0,, White Sn, TiO, (Rutile) 
SE LEE Mec y ono eg Ure d til 
а;Ь;с | =8=у=90% Orthorhombic | Rhombic sulphur, BaSO,, 
KNO, 
E ad " 

a;b;c | a=y=90° ; В Monoclinic 


Monoclinic sulphur, gypsum 
Blue vitriol (CuSO,.5H,0), 
K,Cr,0, 


a=B=7 Rhombohedral 


a=B=90° ; y=120° Hexagonal 


asBsy Triclinic 


ee el 

From geometrical 
nly fourteen different 
n three dimensions, 
of lattices Which are 


consideration, Bravais 
Ways.in which similar 

Thus, there can be only 
known as Bravais lattices. 
n different crystal systems 


Bravais Lattices : 
Showed that there are 0; 
points can be arranged і 
fourteen different kinds 
The different Bravais Space lattices Occuring i 
(discussed before) are Shown in Fig. 6, 

Though the details of the inte 
can vary from one substance + 


Which are quite different from those of the liquids and the gases. The 
best method of classifying soli on the nature of the forces 
that bind the constituent units, Thus, Solids can be broadly divided 
into four classes : (i) molecular so]; » (ii) covalent solids, Gii) ionic 
solids and (iv) metallic Solids, We can arrive at the same tips of 
classification depending on the nature of the Units which occupy the 
lattice points of an unit cell. The Molecular solids are characterised 
by materials whose structural units 


· are molecules. In the case of the 
Covalent solids, these are atoms ; in ionic Solids they are ions, while 


APPENDIX 1 
in the metallic solids, positive metallic ions occupy the lattice points 
surrounded by a ‘sea’ of electrons. 


par 
Face-centered 


Simple cubic Body-centered 
T cubic 


AM A 
{J E 
^ 


LIE eo 


Body-centered 


Body -centered imple . 
orthorhombic orthorhombic 


Simple 
tetragonal 


Base-centered Face-centered Rhombohedral 
orthorhombic orthorhombic LSI) 


Simple Base-centered Triciinic 
monoclinic monoclinic 


Fig. 6, The fourteen Bravaian lattices 
portant characteristics of these four types of crystalline 


Some iUi 
ble 2. 


solids give? in Ta 
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TABLE 2 
Some important characteristics of various types of crystals : 
| 
Characteristics | Molecular Covalent Metallic Ionic 
Crystals Crystals Crystals Crystals 
Units that Molecules Atoms Positiveions | Positive and 
occupy lattic (in sea of negative ions 
points electrons) 

() Vander ' Shared elec- Electrostatic | Electrostatic 
ie Waals forces | -tron pair attraction attraction 
Binding forces | (ii) Dipole- bonds. between --ve between- ve 

dipole ions and—ve | and—ve ions. 
attractions. electrons. ^ 
(i) Very soft | Very hard Hard or soft | Hard and 
GL А brittle. 
11) Low m.p. | Very high Moderate to | Fairly high 
Ip: high m.p m.p 
Physical iii) Good b ST 
на ae ostia Ree IGood Congue. Mostions 
І Т5 | tors tors crystals are 
non-conduc- 
tors at ordi- 
nary temP- 
Some (which 
have crystal 
defects) 
behave as 
semiconduc- 
E s tors. 
| тј 
H,0 (ice) i SIT EE MEX C 
Examples | CO, (dry ice) Geo) Fe, Ag, Cu, | NaCl, KNO» 
rtz (510,) | Na, K. Na,SO 
rborun- 
dum (SiC) 
ШЕЕ em 25 SS 
Packing in solids : On ai 


Ccount of their comparatively strong 


і ent units in any cryst i toms 
: al lattice, (atoms, 
molecules and ions) which are taken to be aah spheres, E packed 


es close as possible to each Д 

is the stability of the system, and trae bel | the Pae Pi 
in the rigidity and low compressibility of the soli 2 E c e ü X e 
tial feature of the crystalline solids jg pes d d Eds Fan 
always tend to assume closest packing in three dimensions. In such 


a packing, each sphere is in contact with the maximum possible 
number of nearest neighbours. 
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First of all let us consider the packing of identical spheres (or 


di 
m ae spheres of equal radius) in one plane. Figure 7(a) shows а 
r of closest packed spheres in which each sphere (designated by A) 
rest spheres in the same plane. 


is surrounded hexagonally by six ‘nea 


Fig. 7 


We x 1 
euge now visualise three different types of locations in the above 
of spheres which are designated as А, Band C. Of these three, 
or voids, triangular 


1 : 
EM B and C represent two types of vacancies 
Shape. It is to be noted here that the vertices of the triangular *B'- 
ds while the vertices of the *C'-voids point 


voids are pointing upWar 

downwards. Now, a second layer of closest packed spheres can be 
two different Ways ; (i) each sphere 

occupying a B-void an ing à *C'-void. It 

must be appreciated that because of the size of the spheres being 

considered, both B and C-voids cannot 


In the case of a single layer of closest packe 
ting the directions in which their'vertices 


the C-voids are identical excep’ 
are pointing and even then. they are interchangeable by turing the layer 
through 180°. However, shed after the addition of 


the second layer as is show 
If a third closest packed layer of spheres is now to be placed ox 


the first layer, two different stacking patterns can be visualised. (a) Th 
third layer can be placed with its spheres on the B voids or (b) it ae 
be placed on the ‘C’-voids. But now (after the packing of the second 
layer), the B voids and the ‘C’-voids have different surroundings and 
hence two different types of stacking can occur. If the second layer 
ids of the first layer then, one of the available 


is packed on the ‘B’-vo 
e third layer will be directly above the spheres 
These are the A-sites. 


sets of voids for th 
(disignated by A) in 
if the spheres of the 
will be АВА... 


The other sets of void 

third layer are placed in 

On the other hand, if the spheres о laced in the С 
Sites, the stacking pattern will be two stacking 
sequences can be repeated continuously t АВАВАВ.... 


they get distingui 
nin Fig. 7(b). 


the original first layer. 
s will be the C-voids. Now, 
the ‘A’-sites, the stacking order 
f the third layer are p 
ABC... These 
o arrive atthe 
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cking 
и d hexagonal closest ра qu 
BC....,and are calle BS 
ae Eo closest packing (CCP) arrangements resp! 

[Figs. (а), (b) and (c) ; Figs. 9(a), (b) and (c)]. 


x» ш а 


y o 


> 


(a) (b) 


Fig. 8. Hexagonal Closest Packing 


Fig. 9. Cubic closest Packing 
A careful inspection of the cubic 
there is a sphere at the centre of each 
the structure is also known as the Ја 
9(c)]. Each sphere in one layer is i 


Packed and also in the hexagonal 
systems is 12. In these two Cases, abo 


ut 74% of the total space is 
pied by the spheres and only 26% r 
occu 


emain void. 
Inert gases and several metals с 
n 


rystallise in either hexagonal 
(Be. Ме, Zn, Cd Ti, Zr etc.) Or cubic 
Й > 5 э 


Closest packed (Cu, Ag, Au, Ca, 


| 6 Fold axis 
i A 
A B 
y А А 
в 
Se ! 
(а) (b) 40) 
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a A Fe, Ni and Pb) arrangements. Solid hydrogen crystallises in 

P structure, while the hydrogen halides have the HCP structure. 

Another possible way of packing spheres is the body centred 
cubic (BCC) structure. In this arrangement, each of the eight corners 
of the cubic lattice is occupied by a sphere, while one sphere is placed 
at the centre of the unit cube. In this system, the co-ordination number 
of each sphere is 8 and it is not a closest packed structure in which 
only 68 % of the total volume is occupied by the spheres, while 32 7% 
space is occupied by voids. In addition to the HCP and the CCP 
structures some metals (e.g. alkali metals,Ba, У, Мо & Ta) also crystal- 


lise in the BCC structure. 
Thus, we find that the structures of the molecular solids and metals 
can be explained on the basis of closest packing of the structural units 


as discussed above. 

Voids or sites in closest packed structures : As pointed out 
previously, two different types of voids or vacancies generally 
referred to as "'sites" or ‘holes’, are present in a closest packed 


solids. When а triangular vacancy between three mutually 
yer hasa sphere over it, a 


touching spheres of a closest packed la 
tetrahedral site is created [Fig. 10(a)]. Тһе sites marked B in Fig. 


goes 
<> 


(2) (b) 
Fig. 10 

7(6), represent tetrahedral sites. Thus, the tetrahedral site is a void 
ion number 


with four spheres enveloping it and hence, its coordinati 


is 4. 
When a triangular vacancy in a closest packed layer, 
vertex pointing up [sites marked C in Fig. 7(2)] is covered up bya 
similar triangular vacancy (with its vertex pointing down) present in 
the next upper layer, an octahedral site is created [Fig 10(b)]. Bu 
uc 
res arranged at the 


The sites marked C in Fig. 7(b) represent octahedral sites. 
six sphe 
ber of an 


an octahedral site is surrounded by TeS 
Corners of an octahedron and hence, the coordination num 


Octahedral site is 6. 


with its 
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The number of a particular type of site (either tetrahedral or 
octahedral) belonging to one sphere is given by the ratio 


` number of a particular type of void around a Sphere. 
inati ber of that particular type of site 
coordination numi an 
Thus, the number of tetrahedral sites belonging to one sphere is given 
b . 
А number of tetrahedral sites around а sphere E 2 
coordination number of a tetrahedral site 


4 
Similarly, the number of octahedral sites belonging to one 
sphere is а= 


‘So, we find that in a closest-packed structure, the number of octa- 


ber of spheres Surrounding it, while the 


creating it. 


Size of a site or vacancy compared to the sizes of the 
rounding it : Let us consider the octahedral sites first. 


octahedral site depends on the size of the spheres surr 
their relationship with each oth 


of the following figure (Fig. 11). 
Fig. 11 re 
four spheres. 


spheres sur- 
The size of an 
ounding it and 
ет can be easily understood with help 


Presents a section of an octahedral site surrounded by 
Let us assume that this vacant site is 


occupied by 4 
small sphere touching each of the four 
spheres. Let the centre of this small 
sphere A, be joined to the centres B and 

S С of two large spheres. Now, AD is 


4 = ` Perpendicular to BC, where D is the point 
N "ов contact of the two large spheres. Let 
Z ЖЕ the radius of the smal 


1 sphere be denoted 
by r, and that of the larger spheres 
(which are taken to be of equal 
Size) be r,. 


Fig. 11 Then, AD=BD =r, and AB=r,+rs 
Since, ABD is a right angled triangle, 
AB?=AD?+BD2, 


or, (r,-Fr)*—ri prt = а 
пез) = Vari 1.4140, 
Mame s 

oi "1 — 0.414. 


Ts 
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T! В 
‘Lalf) Ка неким of an octahedral site is about 41% (i.e. less than 
. Inasimila о the surrounding spheres. 
is only 0.225 (02:59) it can be shown that the size 0 

From th 5%) of the size of the surrounding spheres. 
зіспѕ : e above discussions we can make the following conclu- 
tetrad each sphere of а close-packed arrangement, two 

(b) Нана опе octahedral sites are present. \ 
of both the octahedral site is larger than а tetrahedral site. The size 
increases E sites depends on the sizes of the surrounding spheres and 

Struc ie the increase in size of these spheres 
Units occu re of ionic solids and other crystalline substances, where the 
solid, Men ing lattice points are spheres 0 unequal radii: In an ionic 
close-pack cations are surrounded by the anions and vice-versa, in а 
unequal ed manner. In most cases, the cations and anions are of 
anion in radii, the cationic radius being much smaller than that of the 
radij, І general. Such is also the 02% with atoms of unequal atomic 
sizes СРЕ all such crystals, the coordination number i$ related to the 
the radi he constituent spheres and is generally considered in terms of 

us-ratio which is defined 25 
radius of the cation _ RY. 
radius of the amon 
ci ordination ли 


f a tetrahedral site 


In aL: 
n ioni i 
th nic compound AX, if the co Я 
И — ions are in contact with the cation А? t NE bonn oa 
i t mutuall i te of affairs, У Dinge 
y touching. e Pu in Fig- 12(0). Here, the 


longs 

are s A 
Ores not touching each other, 1$ о Oh 
cause f attraction between the cation and the LOS ih T Cho 
erase of teens contac with each otk ‘th SE eon 
€ the anions are separated from each ° her, the 

h structure 54 


Iepuls; 
S. . 
ion ds eather small HEROS aa 
(0 


(a) | 
m a e four sphere 
tact vit peeked arrangements when a ho n A 
ch other (Fig. 12(5)) X са: 3c 
R* js equal to 0.155: This 1 io 


— 


consid. 5 
€rations that, the ratio E 


s are in con- 
geometrical 
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is the limiting value for the existen 
ture. If the radius-ratio falls bel . 
tightly and is said to “rattle” in the lattice 
is unstable. The situation represented in Fi 


Cordination 
number 


Limiting radius-ratio 


3 


Plane triangle 0.155—0,225 


Terahedral, 0,225—0,414 
Square plane 0.414 0.732 
Octahedral 0.414 0,732 
Body-centred cubic 0.732—1.00 


(bcc) 


As pointed out Previously, 
Spheres, two different types of 
holes are Surrounded by four 5 
enclosed by six spheres, 


a M 
in a close-packed arrangement of 
holes, are present. The tetrahedral 
Pheres, while the octahedral holes аге 
In a close-packed arrangement, for eack 
constituent Sphere there will be two tetrahedra] holes and one 
octahedral hole, tetrahedral holes per sphere 1$ 
double the number of octahedra] holes. The size of the octahedral 
holes, however 

In an ionic compound, when the larger ions (generally anions) 
are close-packed, the Smaller ions (generally cations) will occupy the 
holes present. Thus Scupy either tetrahedral holes Of 
octahedral holes. Generally, the type of holes that the smaller 1015 
it sizes and it can be predicted from the 
anion radius-ratio. Hence, a coordination 
number of four is attributed to an ion Occupying a tetrahedral hole, 
and an ion occupying an octahedral Site has a coordination number 
of six. 


Structure of ionic compounds of the type AX ; 


Three different structural arrangements, widely found among E 
compounds of this type, are represented by the structures of zi 
sulphide, sodium chloride and cesium chloride, 
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Let us consider zinc sulphide first. The ioni i ; 
0:74À and that of S?- is 1:84À. Thus, the Za dori M Ж 
0.40. From the table containing the values of radius-ratio H "n jus 
consequent shape of the structural unit, we can clearly see that z He 
each Zn*? will be tetrahedrally surrounded by four S?- ions a: * m 
S2-ion is similarly surrounded by four Zn** ions. As EE S 
nation numbers of both the cation and the anion is 4, it re Д 
4:4 arrangement. Zinc sulphide exists in two сате fors a А 
as Zinc blendeand Wurtzite, both having 4: 4 arrangements. Th ss 
structures are represented below [Fig. 13(a) and (b)]. Зи 


1 
1 
1 
' 
1 
1 
1 
Д 
' 
П 
' 
П 
1 
1 


(а). Zinc blende, Fig. 13 (b). Wurtzite 
In both these arrangements, the S2- ions (the larger i Abad 
close-packed conditions and the Zn*? ions (the mid R 818 
tetrahedral sites in the crystal lattice. As already pointed out, th У 
are two tetrahedral holes for each S?- ions and as zinc sulphide ced 
formula of ZnS, only half of the tetrahedral sites are occupied by a 
ions. Actually, every alternate tetrahedral hole is occupied. The zi 
blende form is related to close- Seno 
packed cubic structure, while the 
Wurtzite form belongs to the 
hexagonal close-packed system. 
Rock-salt (NaCl) type 
structure : The radius-ratio of 
Nat : Cl- is 0.52 and hence 
NaCl will have an octahedral 
arrangement in which each Na * 
jon is surrounded by six Cl- 
ions remaining at the corners 
of a regular octahedron. Each Cl- 
Nat ions and hence it is a 6:6 arrangement. The stru 


given in the margin (Fig. 14). 


Fig, 14. Rock salt (NaCl) 
ion is similarly surrounded by six 
cture of NaClis 
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In this arragement, the CJ- 
packed condition and the Na * 
rock salt structure belongs to t 


lons are present in the cubic close- 

ions occupy the octahedral holes. Thus, 
he cubic close-packed system. 

The CsCl structure : In 

‘CsCl, the radius-ratio of 

0.93 points to a body-centred 

cubic type arrangement, in 

* which each Cs* ion is 

Өс= Surrounded  cubically by 

OCI? — eight Cl- ions and each 

CI- ion је similarly 

Surrounded by eight Nat 

ions. The СС] structure 

is represented in Fig. 15 


А and it is а body-centred 

Fig. 15. CsCl structure cubic type of arrangement, 
but not strictly body-centred cubic, because in CsCl the ions at the body- 
centre and the ions at the 


corners are different, 


Lattice energy ofa ¢ 
crystal: For detailed 
discussions on lattice 
energy, its Significance, 
calculation of lattice 
energies using Born- 
Haber cycle, important 
characteristics of ionic 
Compounds, role of 
lattice — € 


energy and 
Solvation ^ ener 


OB 


Fig. 16 (a). Fluorite Structure 


· АХ „уре Compounds occur 
туё ?'* the fluorite (СаЕ,) 

1 Structure and the rutile 
у (TiO,) structure. These 
Fig. 16 (b). Rutile structure Structures аге given in 


: Figs. 16 (a) and (b). УЦИ 
The Fluorite structure : In CaF, the cation-anion radius-ratio is 
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it should belongto the body-centered cubic arrangement. 
ded by eight Е- ions in a body-centred 
um fluoride is CaF;, for each 


0.73 and hence, 
Init, each Ca** ion is surroun 


manner. Since, the formula of calci 
Ca*? ion two F- ions are present and hence, the coordination 


number of the two ions are different. Each F- ionis tetrahedrally 
surrounded by four Ca*? ions. Since the coordination numbers of 
Cat? and F- are eight and four respectively, this is a 8:4 arrangement. 
The fluorite structure is shown in Fig. 16(a). 

АХалуре compounds of the dioxide and difluoride class, having 
a radius-ratio equal to or greater than 0.73, generally possess the 


fluorite structure. 
The Rutile structure : In titanium dioxide, TiO., the radius- 
dination number of Ti* is six and that 


ratio is 0.486. Here, the coor 
of O?- is three. Each Ti**ion is surrounded by six O% ions placed at 


the corners of a distorted octahedron and each O% ion have three Ti ** 
ions arranged in a plane-triangle around it. It is not a close-packed 
arrangement. The rutile structure is shown in Fig 16 (b). 

The rutile structure occurs when the radius-ratio lies between 


0.73 and 0.41. я 
Structures of covalent crystals : In the crystal lattice of a covalent 
crystal, the lattice points are occupied by atoms linked with each 
other by a continuous system of shared electron-pair bonds. Dia- 
mond, graphite and carborundum are the most familiar examples of 
toms are in the 


covalent crystals. 
Structure of díamond : In diamond, the carbon а 
sp?-hybridised state and in the crystal lattice of diamond, each carbon 


(a) 


Fig. 17-1 (a) and (b) 
rahedrally bonded to four other carbon atoms. The struc- 
From this figure, it is clear 


atom is tet 
17.1. 


ture of diomond is given in Fig. 
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that each carbon atom is at the centre of a tetrahedron, linked with 
four other carbon atoms occupying the four corners of the tetrahedron, 
utilising sp?-hybrid orbitals, Such a structure is extended throughout 
the entire crystal in three dimensions, as a result of which, the crystal 
is a giant molecule or a huge three-dimensional Polymer, Since such 
covalent bonds are very strong and have strong directional character, 
diamond is very hard, high-melting and extremely difficiilt to deform. 
vvcause of the complete pairing and localisation of all the electrons at 
the C—C covalent bonds, diamond is a non-conductor of electricity. 
Structure of graphite : Graphite is a two-dimensional polymer. 
In graphite, the carbonatoms are inthe sp?-hybridised state, and of the 
four valence-electrons of-carbon, three (occupying the three coplanar 
Sp*-orbitals) are utilised for bonding. It has been found that in gra- 
phite, the carbon atoms are arranged in regular hexagons (like benzene 
Tings) fused together as shown below (Fig. 172). Such type of crystal 


Fig. 17-2 
lattices are called layer lattices. 


The sheets or Jayers are placed one 
above the other at a distance of 3.35А, 
о 


tance between the two 


em are of weak van der 
Waal type. It is due to the weakness of this force that two such layers 
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can slide over each uther by the application of a tangential force, which 
is the reason of its lubricating property and greasy feeling. The wide 
separation of the layers also accounts for the lower density of graphite 
compared to that of diamond and also explains why graphite is quite 
soft and cleaves easily between the layers. 
tals : Apart from avery few exceptions, 
the following three type of close-packed 
The table given below indicates the 
umber of some metals. 


Structure of metallic crys 
most of the metals belong to 
structures, already discussed. 
structure-type and coordination n 


Metals 


Coordination 
number 


Crystal lattice 


ea i a 
Cu, Ав, Au, CaiSr,Al,Fe,Ni,Pb 


Lug E ЕРЕ 
Cubic close-packed (ccp) 
Li, Na,K,Rb,Cs,Ba,V,Mo 


Body-centred cubic (bcc) 
Be, Mg, Zn, Cd, Ti.Zr,Os 


Hexagonal close-packed 
(hep) 
clearly see that, (i) the coordination num- 
8 or 12, i.e. each atom is associated with 8 
ii) the metals have smaller ioniza- 
(with the exception of mercury) 
small and less than the 
these three considera- 
tallic elements cannot 


From this table we can 


bers of the metal atoms are 
or12atoms. We also know that, ( 
tion energy than the other elements 
and (iii) the number of valence-electrons are 
number of orbitals in the valence-shell. From 


tions, it becomes evident that the atoms ofthe me 
be held in the-crystal lattice by covalent bonds; as they do not have 


the required number of electrons in their. valence-shell. The atoms 
occupying the lattice points of a metallic crystal, therefore, are held to 
each other by means bf а special type of bond, known as metallic bond. 

For the rest of the discussion on metallic crystals and metallic bond, 


see Vol. I, Ch. Ш, рр. 173—174. 4 

Defects or imperfections in crystals : The most important and 
characteristic feature of the crystalline 50 we 
three-dimensional pattern in whi t 
molecules are arranged. Defects OT imperfections 
generated by deviation from the regular and реп ; 
inside the crystal lattice. Defects in solids may be conveniently 
divided into two broad classes. 

(a) Stoichiometric Defects : Defects in 00 
numbers of cations and anions are in the exact 
their chemical formulae. 


mpounds where the 
ratios indicated by 
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(b) Non-stoichiometric defects ог defects in non-stoichiometric 
Compounds, 
Stoichiometric defects or thermodynamic defects : Two different 


types of such defects are observed, which are known as Schotky defects 
and Frenkel defects. These are now discussed one by one. 


from a crystal lattice, a pair of so called ‘holes’ are generated in that 
lattice. Such as ituation is depicted in Fig. 18, where a pair of B- and А 


Fig. 18, Schotky defects 


ions are missing from the crystal lattice whose positions are indicated 
by empty circles. Highly ionic compounds with a high coordination 
number, in- which the positive and negative ions are of comparable 
radii, have a tendency to form Schotky defects. ССІ is such an 
example (rc;*—1.67À and га“ =1.81A), 

Frenkel defects: ]f an ion is removed from its correct 
lattice site and put in an interstitial position, a Frenkel defect 
is generated. Such a situation is represented in Fig. 19. Here, 
the cation At is dislocated from its correct lattice position 
indicated by the empty ‘circle and thereby Creating a ‘hole’ in the 


Crystal lattice. Аз Positive ions are Usually smaller than the anions, 


„~ “T8e anions by the small cations 
as predicted by Fajan’s rules of ionic distortion (see Vol. I, Ch. Ш, 
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p. I Formation of Frenkel defects is also favoured in com- 
pounds of low coordination number, as fewer attractive forces are to 


be broken in such compounds to remove an ion from its correct lattice 
position. Examples of Frenkel defects are found in ZnS and AgBr. 


600-08 


Fig. 19, Frenkel defect 
cts may conduct a small amount 
der a suitable potential differ- 
lattice position to a hole and 
‘hole’ may ‘migrate across 
a charge in the opposite 


A crystalline solid possessing defe: 
of electricity by ionic mechanism. Un 
ence, an ion may move from its proper 
thereby create a new hole. 
a crystal which amounts to 


direction. 

As the number of these defects tends t 
they are also known as «thermodynamic defects’. 
of such solids increase with temperature. 

Non-stoichiometric defects : Non-stoichiometric compounds exist 
over a range of chemical compositions and the ratio of the anions 
and cations differsfrom t d by the chemical formula, and the 
negative and the positive charges 2 d by having extra electrons 
or positive charges incorporated in Thus, such solids 
have irregular structures, containing inherent defects, 21018 -vith the 
Freud and Frenkel defects discussed before 

are conveniently divided into 
(i) Metal excess and (ii) т 
al lattice of a compound, 


Defects due to metal excess : In the cryst 
ays. the absence of an 
ch is occupied by an 


meta 

anio bot can be generated in two W 
n from its lattice site and forming а ‘holo’ which 

electron to maintain charge balance 3° js shown in Fig. 20 (2). 


o increase with temperature, 
Thus, conductivity 


etal deficiency. 


" 
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Y Such a defect is similar to the Schotky defect in that, there are 
‘holes’ and not interstitial ions. But the difference lies in the fact that, 
in place of a pair of ‘holes’ in 


a Schotky defect, only one hole ks ЗА - (в) 
is present here and that too 
1 П 1 Џ 


is occupied by an electron. 


i I 
Crystals which have a tendency 1 І 
to form Schotky defects also (в) -- КА) -- (в) -- C 
tend to form this type of T T 

' 1 LY 


defect due to metal excess. 


' ! 1 П 
When sodium chloride is x. 
heated with sodium vapour, Ree 75 

Ü 1 H 1 


a yellow non-stoichiometric 
variety of NaCl is obtained, 


Ц 1 ' 
in which this type of defect C-O-O-@ 
is found. 


Metal excess defects can Fig. 20(a) 
also be formed if „ап extra positive ion occupies an interstitial 
position in the lattice, the charge-balance being maintained by 


accomodating an extra elec- 

@)-@)-@)- tron in another interstitial 
Position as i i 

| Gis shown in Fig. 20(b). 


This kind of defect due to 


i 
OS O м metal excess is more common 
- than the first type, and an 
h 1 ' 


| mom example of this kind is ZnO. 

І | This kind of defect resembles. 

E- (в) -E B- Frenkel defects in that, there 

| 6 DE are ions in the interstitial 

! ! ! Positions and mo ‘holes’ are 

ORORO! there. But it must be noted 
(a) that electrons are also there. 

EN It is quite clear that 


crystals with either of these 
© the presence of free electrons 
Such defects being very small, 


defects may conduct electricity due t 
in the lattice. However, the number of 
the conductivity will be very small compared to the electronic 
conductors like metals and electrolytic conductors like fused salts and 
salt solutions. As the mobility of the free clectrons increases with 
temperature, such materials exhibit increase in conductivity with the 
increase in temperature. These materials are called semiconductors 
of the n-type, since conduction in this type of semiconductors 


APPENDIX—1 27 


is due to the movement of negative charge `n the form of 


electrons, 
Metal deficiency : The necessary condition for metal deficiency 
to occur is the existence of the metal in variable valency states. Such 
metal deficiency, in principle, may occur in two ways: (i) In this 
way, a positive ion is absent from its proper lattice position and the 
charge-balasice is maintained by an adjacent metal ion having an 
extra unit of positive charge as shown in Fig. 21(8). Examples of 


6006 6099 


Fig. 21(8) 
n FeO, (ii) The other way to 
create metal deficiency is to have an extra anion, (B7) I^ ах intesa 
iti = ance maintained by an extra positive 
position s in Fig 21(b). However, 
cherge on an адјасе: 
no such example is known eR 
deficencies behave as semiconductors, ес 
electron from an : 
A*3, which is те 
substances in which CO 
movement are known fe P iconductor on the magnitude of 
Semiconductors and tr istors: Dependi di ided into metals, ` 
their electrical conductivity, solids i а conductivity 
semiconductors and insulators: metals € * oss the lowest 
as high as 108 1 omc}, while ай insulator mày P 
ohm cm > 5 UP uctors behave as 
om temperature 


conductivit: 22 m. 

: y value of 107 ohm fee 

i ricity at то 
insulators at absolute zero but conduct electric! oles’ ог other charge- 


or above by: jaye f electrons or 
y the migration 0 e Д resence of 
defects. Thus, semigonduction in solids arise" LEM 
impurities and various types of €€ ects disou on and widely used 
Silicon and germanium aro the mos оѓ the 
semiconductors, Belonging to the Gr. IV 


Crysta 
use the 
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both of them have four valence electrons which form four covalent 


bonds with the atoms of other elements, generating a tetrahedral dia- 
mond-like structure. If sufficient ene 


germanium crystal, soms 


be ejected from their normal sites in the lattice. These electrons can 


he crystal, leaving a positive ‘hole’ at the site of bond- 
uction in a silicon or germanium crystal can 
ent of an electron in one direction and the 
migration of the positive ‘hole’ in'the other. Such materials are known 


Impurity semiconductors : Deliberate introduction of some im- 
purities (having one valerice electron more or one electron less than Si 
9r Ge) to pure silicon or germanium, gives riseto a new and more 
efficient conduct on known as extrinsic conduction. Thus, an addition 


can carry current in 
hus a n-type semi- 


from adjacent sites may fill these 
her such ‘holes’, Thus, by the migra- 
tal, the current is carried. It is quite 
evident that such materials fallin the class of p-type semiconductors, 
Junction-semiconductors : By carefully controlled introduction of 
different types of impurities, Single Crystals can be prepared in such a 
manner that one Part of it is an n-type and the other part is a p-type, 
creating ап n-p junction, This n-p junction allows a current input to 
flow in one direction only and hence behaves as а rectifier. The 
junction-type Semiconductors are Popularly known as transistors. 
Transistors with three Junctions like ™p-n and p-n-p are being used in 
radio, television and other electrical Circuits, 
The Bragg method of Structure determination by X-ray deffradtion : 
When a beam of homogeneous X-rays is allowed to fall on a crystal, 
the X-rays are scattered by all the atoms in the crystal. The radiation 
Scattered by each and every atom interferes with the tadiation scattered 
by all the other atoms. This is si 


milar to the interferene pattern ob- 
served in the case of a light beam falling on a deffraction grating, where 


the light scattered by each line interferes with the light scattered by 
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When a group of atoms is arranged in an orderly 
of a crystal, the interference pattern of the 
the form of a plane wave, just as if the radiation 
had been reflected from a plane mirror. But there is an essential : 
difference between the ordinary reflection of light and X-ray deffrac- 
tion, in that interference (in the case of X-rays) takes place at certain 
angles, whereas reflection can take place at any angle. Th? Bragg 
method of determination of structure of crystalline solids is based on 
this property of interference by planes of atoms. 

The experimental set up of this method is shown schematically 
in Fig. 22(a). The crystal being examined is mounted on à 
rotating device as.also is the detector. 
The crystal is so placed that the 
angle of incidence equals the angle 
of reflection, and the detector is placed 
in a position to receive the reflected 
ray. As X-rays can penetrate deep into 
the crystal, the reflections occur from 
a number of parallel planes [two of 
which are shown in Fig. 22(b)], and 
only when the reflections, from these 

Fig. 22(a) 


planes interfere constructively, the Э. 
s detectable signal. The condition for constructive 


detector D receive sages teks wees 
interference 1S indicated in Fig. 22(b) 
which represents reflec ions.from two 
successive planes placed at a distance 
‘qd’. Under these conditions, the extra 
distance travelled by the ray reflected ` 
from the second plane is 2d sinÜ and 
this must be an integral multiple of 
the wavelength of the X-ray used. 
Thus, we can write the eqn. 
п^=24 Sin 0. 
From the knowledge of ^ (which one 


ail other lines. 
fashion along a plane 
scattered radiation is in 


Fig 22(b) 


This is the Bragg reflection 
venience) and the values of 0 for construc- 


law: 


g to con 
ch can be read from the scales attached to the 


tal support), the values of d can be computed. 
These d-values or inter-planar spacings are essential characteristics of a 
crystal and are determined by the size and the geometry of arrange- 
ment of the lattice constituents. X-ray deffraction patterns can thus 
be readily used for the identification of substances, OT for analysing 


individual components of a mixture. 


can select accordin 
tive interference (whi 
detector and the cry 
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MODEL QUESTIONS 


` L. (a) Explain how solids differ from liquids and gases. 
(b) Distinguish between crystalline and amorphous solids. 

2. (a) What are crystalline solids ? Explain the utility of the concept of 
crystallographic axes, and express it in the form of Hauy’s Law of rational intercepts. 

(b) What are the Miller indices of the planes denoted by the intercept-ratios 
2:1:2 and а :1: © . and 1: 4: 7 What is the infercept-ratio made by a plane 
designated by the Miller indices (T 1 1) ? 

3. What is mzant by the elements of symmetry of a crystal ? Describe the 
diferent elements of symmetry of a cubic crystal, 

4. Define space lattice. What are the seven systems into which the different forms 
of crystals can be grouped ? Give the names of the fourteen Bravais lattices, 

5. Classify solids depending on the nature of forces that bind the constituent 
units and point out some important characteristics of each of them, 

6, Discuss, with clearly drawn figures, the close-packing of the constituent 
units in solids. What is the difference between hexagonal close-packing and cubic 
close-packing ? 

7. (a) Distinguish between a tetrahedral site and an octahedral site ? 


(b) What are the numbers of tetrahedral sites and octahedral sites per 
sphere ina crystal 7 


(c) Show he size n octahedral site i Out 419 of the 
that t ofa s ab i 
ut 41% of the size 


(d) Show that the size of a tetrahed MD 4 
the surrounding spheres, Tul site is about 22.5% of the size of 


8. Explain radius-ratio effect in ioni 
nin. 1 lonic crystals, Disi ili 
shape of an ionic lattice is controlled by the radius-rat Сее" 


1 io. 
9. Discuss the structures of the AX type ionic 


Bs d modifications of carbon, 
. Discuss the more important physi i - 
; ysical 
explanation of these properties on the DES сл ВИ of metals, Attempt an 
13, Explain the term ‘lattice energy’, Hi Topine: 
lattice energy of NaCl ? Why is the ‘attic, Ow would you proceed to calculate the 
; А © energy’ of an ionic crystal so high ? 
B. Explain Was is meant by (a) Schotky defect and (b) Frenkel defect with 
suitable illustrations. ] 

15. What is meant by a Non-stoichiometric 
defects due to metal excess and (b) defects аце 
priate examples. 

16. What are semiconductors ? Explain, with аи Ra: 
p-type conduction occurs. What is meant by a junction semi an deer? 

17. Discuss the principles of the Bragg method of structure determination bY 


defect ? Explain the cases of (a) 
to metal deficiency. Give appro- 


type and 
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X-ray deffraction of single crystals with a schematic diagram of the experimental 


set up. 
Objective type 
17. Answer by yes or no. 
(a) Isotropy is characteristic of an amorp 
generally associated with the crystalline state. 
(b) OF all the crystal-systems the cubic form possesses the highest symmetry. 
(c) The structure of sodium chloride belongs to the monoclinic system. 
(d) The structure of graphite belongs to the hexagonal system. 
(e) The size of the octahedral voids are Jess than that of tetrahedral voids. 
(Е) The coordination number of a tetrahedral void is four. 
(g) If the radins-ratio R+/R— falls below th f 0.155 in an ionic 
solid, the structure will be unstable. Е 
(ћу If the R+/R- ratio lies in the range of 0.732-1.00, the solid ionic 
compound will have a body-centred cubic shape. 
(i) A n-p-type semiconductor can act as а rectifier. 
18, (a) Depending on. the individual elements of symm 


hous solid, while anisotropy is 


е value 0 


etry, all forms can be 


grouped into thirty two——or 
(b) Depending on the axes of reference repre. 
two forms can be grouped into seven: 
(c) There can be only fourteen differ 


senting their faces, the thirty 


ent types of lattices which are known 


a - 
(d) The wurtzite structure of ZnS belongs to the 
. (e) In covalent crystals, the binding force comes out of- 
(£) The coordination number of an octahedral void is——. 
(g) The junction-type semiconductors are popularly known as 
(h) Semiconductors conduct electricity at room temperature or above by 
the migration 01——01 other—— defects. 
19. Tick the correct answer: 
. (a) In ionic crystals, the binding force is (i) Van der Waals forces, (ii) 
shaired electron pair bonds, (ii) electrostatic attraction between +ve and 


—ve ions, (iv) dipole-dipole attractions. У 
(b) Ostahedral voids are (i) smaler, (ii) equal to, (iii) larger than tetra- 


hedral voids. 
(c) The radius ratio (R+/R-) of 0.225—0.414 
of (i) octahedron, (ii) tetrahedron, (iii) plane triangle, 
(d) A Schotky defect is created due to the remova 5 
pair of +ve and -ve ions (iii) a negative ion, from the crystal lattice. 4 
(e) A Frenkel defect is generated by (i) complete removal of an ion from 
the crystal lattice, (ii) by the removal of one ion from its correct lattice position and . 
placing it in an interstitial position, Jete removal © 
the crystal lattice. Ў 


system. 


will give rise to a shape 


(iv) square plane, 
| of (i) positive ion (ii) a 


Gii) comp f a pair of ions from 
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